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pag tiee of his life to the =~ 
development of the copper industry 


and to the well-being of € engineers 
this volume is dedicated 


Preface 


TuIs volume is presented to the members of the American Institute 
of Mining and Metallurgical Engineers by the Committee on Reduction 
and Refining of Copper. A survey of the situation made in 1931 con- 
firmed the belief that the metallurgy of copper had been losing some of 
its former importance in the Transactions of the Institute. It was 
apparent that sufficient material might be assembled to make a creditable 
volume, and the tentative plan was approved by the officers of the 
Institute. However, the quantity of good material in view was so great 
that it was considered impractical to devote the necessary proportion of 
the available publication funds of the Institute to a single subject. These 
facts were brought to the attention of the Institute’s Rocky Mountain 
Income Committee. After reviewing the matter, the Committee, com- 
posed of Mr. Henry Krumb, Chairman, Mr. Harvey S. Mudd and Dr. 
George Otis Smith, recommended an appropriation to finance the publi- 
cation of a special volume of TRANSACTIONS under the sponsorship of the 
Rocky Mountain Fund. 

There was a generous response to the Committee’s request for special 
contributions, even though many authors were overburdened at the 
time by their own or their companies’ activities. Particularly valuable 
help was given by Messrs. William Wraith, Frederick Laist and Heath 
Steele in authorizing and obtaining papers of vital importance in rounding 
out the volume. The effort has been made to cover each phase of copper 
metallurgy in an orderly and systematic way, so as to provide a book that 
gives a comprehensive description of the present status of the art. 

Acknowledgment is made for their untiring work to the Vice-chair- 
men, Mr. C. W. Eichrodt and Mr. A. E. Wiggin; to Mr. G. L. Old- 
right, Secretary of the Committee in 1931, and Mr. A. B. Young, Secre- 
tary in 1932 and 1933; and to the other members of the Committee and 
subcommittees. The Committee appreciates the valuable advice and 
assistance rendered by the headquarters staff of the Institute. 

CuarLes R. Kuzeiu, Chairman 
of Committee on Reduction and 
Refining of Copper. 
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Career and Achievements of James Douglas 


By Artuur L. WALKER 


James Dovueuas will long be remembered as a distinguished mining 
engineer and metallurgist, as a scientist with broad vision, as an 
executive whose understanding of practical problems coupled with his 
knowledge of men and affairs enabled him to weld together great mining 
interests and to their service build railroads and bring power. More, he 
will be recalled as a philosopher and a writer of charm, a historian of no 
mean order, and one whose catholic tastes and enthusiasms led him 
into the fields of education, medicine and theology. 

His aim was to possess that which he considered made life worth 
while—friends and effectiveness in whatever task he undertook. In 
this aim he was successful to a degree exceeded by few, as thousands of 
his friends and associates could and can testify. 

Dr. Douglas was born on November 4, 1837, at Quebec, Canada. His 
father, James Douglas, Sr., was a prominent physician and the leading 
surgeon of Canada. He also established the first retreat for the insane 
in the Dominion, the Quebec Lunatic Asylum, to which he devoted his 
services for years. The son followed in the footsteps of his father and 
studied medicine, not only in Canada but also in Scotland and in Ger- 
many. He entered the University of Edinburgh in 1855 but after two 
years at that institution returned to Canada and was graduated from 
Queens University at Kingston, Ontario, with the degree of Bachelor of 
Arts. Later he went to Laval University, Quebec, and subsequently 
became professor of chemistry at Morrin College, Quebec. 

After he was graduated—at the time he considered his formal educa- 
tion completed—he traveled with his father in Europe and in the Orient; 
visiting Egypt, being especially interested in that country, several times. 
They gathered together an important archaeological collection which 
later was donated by them to the Metropolitan Museum of Art in the 
city of New York. James Douglas was also greatly interested in photog- 
raphy, a hobby in which he made use of his chemical knowledge. The 
writer can remember distinctly the descriptions he gave more than forty 
years ago in Arizona of the difficulties he encountered with the old wet 
photographic plates, especially while traveling in Egypt, when he pre- 
pared and used his own chemicals. In his humorous manner he told how 
he once discovered, in the nick of time, the nurse preparing to give the 
baby in the party a rub-down, using for that purpose the white, limpid 
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solution of nitrate of silver which had been placed in a bowl for photo- 
graphic purposes. Only by his opportune interference was the trans- 
formation of the baby into an Ethiopian youngster prevented. 

After traveling with his father, James Douglas returned to the 
University of Edinburgh, where he continued his course in medicine but 
devoted. himself principally to the study of theology. He received his 
license to preach, a privilege that he exercised frequently, but was 
not ordained. 

While young Douglas had specialized in medicine, theology and 
chemistry during his academic career, and had managed the lunatic 
asylum founded by his father, he had at the age of thirty-eight definitely 
decided to enter the ministry and devote his life to that work. Suddenly 
circumstances caused him to change his plans. 

In 1875 he returned to Canada, where he discovered that his father 
had unfortunately invested heavily in gold-mining and copper-mining 
enterprises in that country, and was in danger of losing a large portion of 
his capital. The metal content of the material they contemplated work- 
ing was too low to enable the mines to be profitably operated by any 
process then known to the world. Dr. Douglas abandoned his plans 
to enter the ministry and immediately turned his attention to the study 
of mining and metallurgy, with the fixed intention of entering that pro- 
fession, in order to equip himself to rehabilitate his father’s investments. 
The character of the mines precluded any chance of successful exploitation 
but the mining and metallurgical industry of the world has been enor- 
mously benefited by the influence this venture had on Dr. Douglas’s 
career, for from that date his wonderful accomplishments in this branch 
of engineering had their beginning. His first venture in the metallurgical 
field was to associate himself with T. Sterry Hunt, a distinguished 
scientist, with whom he became acquainted while teaching chemistry at 
Morrin College. Together they worked out the Hunt and Douglas 
process, well known for many years, which was based on the solubility 
of copper oxide in ferrous chloride. After preliminary experiments at a 
property in Canada, Douglas was employed as superintendent, by the 
Chemical Copper Co. to take charge of its plant at Phoenixville, Pennsyl- 
vania, to apply the Hunt and Douglas process to the low-grade copper ore 
that the company was reducing. This plant, in which many difficulties 
were encountered, was not successful and later was destroyed by fire. 
It has been stated that the unsuccessful financial result could be attributed 
to high operating costs, for James Douglas, with his generous ideas, 
insisted on paying $1.50 per day for ordinary labor whereas 80 to 90 
cents was the prevailing rate for a ten-hour day in Pennsylvania. 

Then for a short period Dr. Douglas was out of employment. He 
visited Butte, Montana, several times and it has been publicly stated that 
he was the first to predict that the results of secondary enrichment would 
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be found in that area. While at Phoenixville he had received some car- 
loads of copper ore from the Copper Queen mine at Bisbee, Arizona. 
This ore had attracted his attention and about 1880 he decided to make 
the long journey out there to look into a property that supplied ore 
sufficiently rich to stand shipment from the far West to a plant in Penn- 
sylvania for treatment. The Copper Queen mine had been developed 
in a small way by Martin and Reilly but owing to the high rates for labor, 
the cost of and danger in bringing in supplies—the Apache Indians were 
often on the war path—and the difficulty encountered in smelting the 
ore in the one small furnace, blown in during the year of Douglas’s 
visit, the operation of producing copper was not a financial success. 
: James Douglas, with the experience he had gained and with his broad 
__-vision, which was of much greater importance, saw the enormous possi- 
_ pilities of this property and, having become acquainted with William E. 
. Dodge, succeeded in interesting the latter and others in the firm of 
d Phelps, Dodge & Co. in Arizona copper mines. He was retained by them 
’ to make a report on the Detroit Copper Company’s property at Morenci, 
Arizona, and also to make a thorough examination of the original Copper 
Queen mine, a name that in after years became famous all over the 
world. Some of the partners of Phelps, Dodge & Co. had obtained an 
option on this property and they undertook to pay Douglas all the 
expenses for a thorough examination; and they agreed that if they pur- 
chased the mine they would put him in full charge, at the same time giving 
him an interest, contingent upon profits from the mine. It is needless to 
say that, on delivery of the report, the Copper Queen mine was taken 
over by Phelps, Dodge & Co. 

A history of this property during the past fifty years would fill a large 
volume, and the story of the early days would be extremely romantic. 
The same is true of the three other copper properties in Arizona that 

~ game into being about 1880 or a year later, that of the Old Dominion 
Copper Co. at Globe, those of the Arizona Copper Co. and the Detroit 
Copper Co., both of which were situated in the Clifton-Morenci district. 
These mines were discovered by prospectors in search of gold or silver, as 

but little attention was given to copper. The original Old Dominion 
mine was located as a gold property because the narrow vein of copper 

ore discovered contained numerous flakes and particles of native gold, 

_ distinctly visible to the naked eye. All of these old properties, including 
the Copper Queen, had hard sledding during the first few years of their 
existence. The operating expenses were extremely high and the price 
of copper was low. Even with the rich ore they yielded it was difficult 
to make a profit. Then towards the end of the year 1887 the Société des 
Métaux, a French syndicate, under the management of M. Secretan, 
undertook to raise the price of copper and peg it at about 18 cents a 
pound. That was a godsend for the struggling Arizona copper producers 


and during a period of about twenty months their operations were so 
profitable that they were able to improve their smelters, develop the — 
mines and place themselves in a position to continue operating at a profit 


despite the low price to which copper went after the collapse of the French 
syndicate. In one of his numerous articles on the Copper Queen property 
James Douglas describes the elation he experienced when Secretan 


offered to contract for all the copper he could produce, and pay almost — 


twice as much per pound as he had been receiving, considering shipping 
costs. While the Old Dominion, Detroit, and Arizona Copper companies 
continued to operate for many years, none of them ever rivaled the Copper 
Queen property. The upbuilding of this enterprise was due to the broad 
knowledge of the applied sciences, especially in the branch of metallurgy, 
which James Douglas possessed; to his keen perception, his ability as an 
administrator and as a handler of men; to the wonderful gift of broad 
vision; to his imagination, always necessary in a great enterprise, and to 
his financial acumen. He enjoyed the complete confidence of his prin- 
cipals and associates in the firm of Phelps, Dodge & Co., who became 
willing to back his judgment to the limit, financially and otherwise. 
While Dr. Douglas had many interests and received many honors, the 


development of the Copper Queen property into an enormous enterprise © 


was his greatest achievement. 


In operating the Copper Queen mine in the early days the first real | 


difficulty occurred in 1884. The original orebody was about exhausted 
and finances were at a low ebb. Douglas stated orally shortly after that 
time, and since then has repeated it in his writings, that they were 
“drifting aimlessly in pursuit of others” (orebodies). The word ‘‘aim- 
lessly’’ never seemed correct to the writer, for a new orebody was soon 
encountered by this drifting program; and success was due in a large 
measure to the geological knowledge Douglas had absorbed during his 
long academic career and the exact information he had obtained through 
his studies of underground conditions. Unfortunately for the Copper 
Queen, the Atlanta Mining Co., which owned the adjacent property, 
also was in distress and hunting for more ore. This company sank a 
shaft near the property line and by a strange coincidence this shaft 
uncovered the same ore the Copper Queen drift had entered; the dis- 
coveries were almost simultaneous. Then the inevitable legal questions 
hinging on the law of apex arose and the case was brought to the District 
Court. Dr. Douglas abhorred litigation, and, feeling that a decision 
had to be reached as to whether litigation or legitimate mining would be 
the principal industry of that district, exerted all the energy he possessed 
to effect a satisfactory settlement out of court. He was successful, as 
usual, and a consolidation with the Atlanta company was the result. 
Again James Douglas’s keen vision was in evidence, for in developing 
the Atlanta property extensive orebodies were subsequently discovered. 
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_ He had a delightful sense of humor and in telling the writer about the 
_ events that happened during the course of the trial, he described how at 
one stage of the proceedings the experts for the Copper Queen picked up 
their reference books, reports and other paraphernalia and sedately 
marched out of court. The experts and lawyers on the other side were 
much mystified by this move and also greatly alarmed, as they were in a 
somewhat desperate position. This movement, Douglas said, with a 
twinkle in his eye, assisted in bringing the suit to a speedy conclusion 
and effecting the settlement. 

In the early days the operating staffs of the copper-producing com- 
panies in Arizona were of the simplest character. James Douglas 
describes the staff of the Copper Queen mine, in an article written by him 
in 1913, in the following words: “For many years after the Copper Queen 

mine was opened the technical staff consisted of a Superintendent, an 
Assistant Superintendent (who was also the metallurgist), a mining 
4 engineer who did the mine surveying over the comparatively small 
area of worked underground with the assistance of a boy or rodman, and a 
chemist who was simply content to make determinations for copper, gold 
and silver.” 

As a matter of fact, however, the duties of the chemist were a little 
more arduous, because the composition of the slag had to be known by 
the metallurgist in order to prevent straying too far from a “‘type slag,”’ 
as later it was called. Often the slag produced from smelting the oxi- 
dized ore mined at that time was far from having the proper composition, 
and assayed high in copper on that account. Coke was expensive and 
copper plentiful, so that relatively rich slags produced the best net finan- 
cial results. Asa result huge dumps of slag were accumulated, especially 
at the Copper Queen and Old Dominion smelting plants, which con- 
tained a vast amount of copper. But this copper was not lost, it was 
r simply put in storage, for with the advent of the railroads and the dis- 

covery of sulfide copper ore in depth, to mix with the oxide ore, these 
slag dumps were resmelted with most satisfactory results. The old slag 
contained more copper per ton than had been reported, however. Dr. 
Douglas aptly summed up the situation when he said, ‘‘ We never pro- 
duced a slag containing more than 2 per cent copper but when we 
re-smelted it 3 per cent was recovered!’ Evidently the chemists were 
philanthropically inclined and desired to make the metallurgists’ path 
less thorny. At the plant of the Arizona Copper Co. at Clifton the 
slag was granulated and dumped into the San Francisco River, which 
flowed alongside the smelting plant. Though the cost of tramming slag 
from the furnaces to the dump by hand labor was saved, the copper 
contained in slag was lost forever. Dr. Douglas often used this as an 
example when strongly advocating the conservation of products 
and resources. 
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After obtaining control of the Atlanta Mining Co. Dr. Douglas 
acquired many of the other mines surrounding the Copper Queen, 
thereby assuring the future success of the property. This was about the 
year 1887. However, he was not satisfied with this group of mines, great 
as it had become, as a profitable mining and metallurgical enterprise. 
He investigated and finally obtained, by purchase or otherwise, mining 
properties in the Globe and Morenci districts in Arizona and in Nacozari, 
Mexico; and finally he extended operations into the Tyrone district in 
New Mexico. 

The fuel problem, especially obtaining coke required for blast-furnace 
smelting, was of paramount importance to the Arizona copper producers 
in the early days. It was shipped long distances by railroad; then, in 
some cases, it was transferred to wagons of the old prairie type and 
hauled by mules or ox teams to the smelters. Prior to the building of a 
branch line from the Southern Pacific R.R. to Globe, the Old Dominion 
Copper Co. paid $40 to $50 a ton (of 2000 pounds) for coke. Even with 
this handicap the financial results were extremely profitable. Dr. 
Douglas was an expert in the field of transportation, always considering 
the future requirements of the enormous enterprise he was building up. 
He supplanted mule haulage from Fairbanks on the Southern Pacific 
R.R. to the mines and smeltery at Bisbee by traction engines, and after- 
wards built a railroad between these two points. Then the smelting 
operations were moved to Douglas, almost on the Mexican-Arizona line; 
and a great colliery and coking plant was established at Dawson, New 
Mexico, to supply the rapidly growing requirements for fuel. 

Additional facilities were then required, so he planned and constructed 
the El Paso and Southwestern Railway system, which eventually oper- 
ated over one thousand miles of track in connection with the Rock Island. 
By this means all of his plants and mines were provided with adequate 
transportation facilities and Dr. Douglas demonstrated his ability in the 
field of transportation as well as in mining and metallurgy. All of these 
properties and interests were later consolidated in Phelps, Dodge & Co., 
Inc., of which James Douglas was president until 1915, when he was 
succeeded by Walter Douglas, his son, though he remained Chairman 
of the Board till his death. 

Dr. Douglas, like Andrew Carnegie, believed that scrapping old 
machinery was of paramount importance if industry was to progress. He 
applied modern methods and devices as soon as they had been proved 
and was the first to introduce in the Southwest electric power on a 
large scale in the mining districts and bessemer converters for copper 
matte. He innovated the use of wood for fuel in Loomis gas producer to 
supply the large gas engines installed at the Nacozari mine. He was the 
first in this country to employ the trough or barrel form of copper con- 
verter, and this type was frequently known as the Douglas converter. 
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Dr. Douglas abhorred secrecy in professional work. He was always 
willing to exhibit his methods and to share his ideas with others. He 
deplored the practice then in vogue, especially in nonferrous metallurgical 
plants, of the ‘‘closed shop.” Those controlled by him were always open 
to inspection by any engineer, for it was his belief that ‘‘free trade”’ 
in ideas made for the advantage of all concerned. The campaign he 
conducted against metallurgical secrecy continued for years until it was 
crowned with success, due to his broadminded attitude and convincing 
arguments. One of the typical examples used by him referred to the 
decline of the mining and metallurgical industry in Swansea, where he said 
“they built a fence around themselves so high they could not see over the 
top of it.” Had it not been for this plan of secrecy the operations in 
Swansea undoubtedly would have survived many years longer than 
they did. 

In his presidential address to the members of the American Institute 
of Mining Engineers in 1899, on the subject of secrecy, Dr. Douglas 
stated that the ‘practice in the electrolytic (copper refining) plants was 
guarded with timorous care.”” Managers of the copper refineries during 
the nineties—of which the writer was one—will agree with that charge; 
and realize how many anxious days and sleepless nights might have been 
avoided had they been able to compare notes with each other. Event- 
ually they all arrived at the same goal. In that address he also said: 
“The motives influencing the great body of writers who, without any pay, 
use the technical journals and such media of communication as our 
TRANSACTIONS, in order to give to the brethren of their craft the results 
of their dearly earned experience are various and complicated, but in the 
majority of cases the impulse originates in the desire for reciprocity and 
in the hope that others will tell what they know in return for what we 
ourselves communicate and that, therefore, we shall learn at least as 
much as we can teach.” The engineering profession and the world are 
indebted to James Douglas for the splendid and successful contest he 
waged against technical secrecy. The practice of reciprocity he intro- 
duced was largely responsible for the rapid increase in our industrial 
position in the world, as many writers and speakers have borne testimony. 

Dr. Douglas was a writer of distinction even in his early years, and 
as time passed he became a voluminous contributor to the technical 
journals, principally on mining and metallurgical subjects but also on 
topics of general interest. He wrote many books, including several on 
historical and philosophical subjects. A complete record of his writings 
would cover many pages, but the following list prepared by the late Albert 
R. Ledoux, Past President of the A.I.M.E., illustrates the range of 
subjects covered by James Douglas: 


ExaMPLes OF HistoricaAL VOLUMES: _ (t \ee 
Canadian Independence, Annexation and Imperial Federation. a 
Old France in the New World. Se 
New England and New France. em 
Journal and Reminiscences of James Douglas, M.D., by his son. 


SELECTION FROM ARTICLES, AND Books: 


The Copper Deposits of Harvey Hill, 1870. 

Spectroscopic Observations of the Sun, 1870. : a 
The Copper Mines of Chile, 1872. > 

Copper Mines of Lake Superior, 1874. 

Metallurgy of Copper, 1883. 

Cupola Smelting of Copper, 1885. 

American Methods and Appliances in the Metallurgy of Copper, Lead, Gold 

and Silver, 1895. ; 
Progress of Metallurgy and Metal Mining in America during the last Half yi 
Century, 1897. 
Record of Boring in the Sulphur Spring Valley of Arizona, 1898. 

Treatment of Copper Mattes in the Bessemer Converter, 1899. 


The Characteristics and Conditions of Technical Progress of the 19th canta af 
1899. ys 
Gas for Use in the Manufacture of Steel, 1902. —.) 
Untechnical Addresses on Technical Subjects, 1908. “ 


The Influence of Railroads of the United States and Canada on the Mineral ' 
Industry, 1909. by 
Earthquakes in Mines, 1911. 

Development of the Railroads of North America and Their Control by the 

State, 1911. 

The Copper Bearing Traps of the Coppermine River, 1913. 


Dr. Douglas was an exponent of simplicity in writing and his book, 
““Untechnical Address on Technical Subjects,” illustrates his idea in that 
respect. He wrote in a beautiful, lucid style. For example, in 1903, 
in an article describing the situation of the copper companies in Arizona, 
he stated, ‘‘The older piece are showing neither symptoms of decay 
nor of hysterical activity.” What could be more explicit? 

The members of the American Institute of Mining Engineers elected 
James Douglas President of the Institute in 1899 and again in 1900. 
In 1906 the gold medal was awarded to him by the Institution of Mining 
and Metallurgy of Great Britain. He received the degree of Doctor of 
Laws from McGill University in 1907. He was elected an honorary 
member of the Mining and Metallurgical Society of America in 1917 
and in the same year was elected Chancellor of Queens College, of which 
institution and of McGill University he had been a trustee for many years. 

Dr. Douglas was awarded the John Fritz Medal at the International 
Engineering Congress held at San Francisco in September, 1915, for 
notable achievements in mining, metallurgy, education and industrial 
welfare. He could not go to California to receive it, on account of his 
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health, consequently the presentation of the medal was made by Albert 
__R. Ledoux on the fifth of December, 1915, at Dr. Douglas’s home at 
_ Spuyten Duyvil, New York, at which ceremony he was surrounded by 


his children and grandchildren. 

Dr. Douglas was keenly interested in the cancer problem and its allevi- 
ation and cure by the use of radium and X-ray. He visited the cancer 
centers of Europe in his study of this problem. He made a first gift of 
radium to Guy’s Hospital, London. Later, in cooperation with Dr. 
Howard A. Kelly, of Johns Hopkins, he was instrumental in forming the 
National Radium Institute, and obtained from the carnotite ores of 
Utah over 12 grams of radium. This was divided between the Dr. 
Kelly’s cancer center in Baltimore and the Memorial Hospital for the 


_ Treatment of Cancer in New York City, after sufficient for experiment 


had been placed with the Bureau of Standards in Washington. It was 
largely through his intense interest in cancer that the Memorial Hospital 
has become a leading cancer center of the world. He was liberal in his 
endowment and advice. There was founded then the Douglas Research 
Laboratory for research on cancer. His pleasure was giving: scores of 
deserving philanthropic efforts and deserving institutions were assisted 
and stimulated by him. 

In 1905 Andrew Carnegie donated a large sum of money for a building 
to serve as the home and headquarters of the four Founder Engineering 
Societies, with the proviso that the ground on which the building was 
erected should be acquired by these societies. The A.I.M.E. found it 
difficult to raise the large amount of money required as its share until 
James Douglas came to the rescue. He volunteered to handle the finan- 
cial obligation and to wipe out the debt incurred by the Institute. He 
was successful in this effort, largely because of his personal contributions 
and those of the members of Phelps, Dodge & Co. 

Dr. Douglas died at his home on June 25, 1918, at the age of eighty- 
one. The funeral services were held in the Church of the Mediator, 
Kingsbridge, after which the body was taken to Quebec, the old home, for 
burial in the family plot. At ameeting following his death the Board of 
Directors of the American Institute of Mining and Metallurgical Engi- 
neers passed the following resolution: 


Through the death of James Douglas, this Institute, in common with the profes- 
sions of mining and metallurgy, and the representatives of liberal learning, 
technical education, wise philanthropy and social progress throughout the 
world, are called to deplore the loss of an inspiring leader, tireless laborer, loyal 
and helpful friend. 

Dr. Douglas’ sympathies, quick towards every worthy cause, were especially drawn 
towards the Institute, because its chief purpose, namely, the free interchange of 
professional knowledge and experience, commanded his lifelong allegiance, not 
only as a dictate of wise policy, but also as the result of an irresistible generous 
impulse. He gave freely; he gave ‘‘himself with his gift;” and his reward was 
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known to all, even before the record of it, in the gratitude and grief of innumer- 
able friends, was signed and sealed by his death. To them he was not only great, 
but dear. p 


Late in 1918 the Executive Committee of the A.I.M.E. recommended 
to the Board of Directors that the Institute establish a generous prize 
to be known as the Douglas Prize. A committee was appointed to 
determine the nature of this prize and the character of achievement for 
which it should be awarded. The committee recommended the establish- 
ment of the James Douglas Medal. The award was to be for “ Dis- 
tinguished Achievement in Nonferrous Metallurgy” in recognition of the 
attainments of James Douglas himself as a metallurgist. Eleven mem- 
bers of the Institute are proud to have been the recipients of this out- 
standing award. 

In 1860 James Douglas married Miss Naomi Douglas, daughter of 
Captain Walter Douglas of Quebec. Six children were born, of whom 
the following survived him: Miss Elizabeth Douglas, Walter Douglas, 
Mrs. Edith M. Douglas, wife of Archibald Douglas, and James 8. Doug- 
las. All are still living. It is most remarkable that in each of these 
two generations a Douglas should have married a Douglas, and now in 
the third generation again a Douglas has married a Douglas. In all 
three marriages there has been absolutely no blood relationship: Sucha 
record is unique. 

In closing this brief biographical sketch, the writer, who went to 
Arizona in 1883 to accept a position with the Old Dominion Copper Co. at 
Globe and left there in 1893, deems it a privilege to record, in a few words, 
the debt he owes to this great man. While Dr. Douglas was investi- 
gating, and subsequently planning the operations for the Buffalo mines, 
he often came to Globe. During these visits many talks took place which 
were extremely pleasant and most profitable to the writer. The excellent 
advice given, in the most unassuming and casual manner, was of inesti- 
mable value, and the encouragement offered was inspiring in the extreme. 
The influence of his delightful personality and of his willingness to give 
unstintingly from his wonderful store of knowledge will never be for- 
gotten. This is but one example typical of hundreds: it illustrates one 
of Dr. Douglas’s many noble attributes—his desire to contribute to the 
welfare and advancement of his fellowmen. 
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History of Reverberatory Smelting in Montana, 
1879 to 1933 


By Freperick Laist,* New York, N. Y. 


THis paper is a review of Montana reverberatory smelting practice 
covering a period of approximately fifty years, during which time the 
small furnaces that had been in use elsewhere for a century or more, 
without much change in size or method of operation, were revolutionized 
and were developed into the huge, continuously operating furnaces of 
today. A study of Montana practice is particularly instructive, since 
reverberatory furnace smelting for the production of copper matte 
received more attention there than in other smelting centers and many 
of the improvements that finally resulted in establishing the preeminence 
of this type of furnace over the blast furnace originated in Butte 
and Anaconda. 

The material in this paper was gathered from original sources, 
wherever possible, and all of the illustrations were made from original 
drawings, some of which have been simplified and worked over so as to 
be better adapted for reproduction. The aim has been to trace the 
modifications in design and operation which took place during the period 
in question—the reasons for the changes and the results achieved through 
them. For developments during the first twenty years, the technical 
literature of the period was freely drawn upon, but I am particularly 
indebted to W. M. Kelly, general foreman at the Anaconda Works, 
whose recollections and personal experience extend back to the early 
days. I wish to acknowledge the use made of publications of E. P. 
Mathewson, William Wraith and L. V. Bender, as well as information 
obtained here and there from friends and associates. The résumé 
of Great Falls practice was compiled from correspondence, notes and 
drawings found, in the files of the old Boston & Montana Co. and the 
tabulations showing the performance of furnaces at Butte and Anaconda 
are adapted from plant records and correspondence in the files of the 
Anaconda Copper Mining Company. 

The paper deals with some interesting comparisons that were made 
between furnaces operated under various conditions in connection with 
the Carson Case, and results obtained when using natural gas as fuel. 
This part of the paper may be considered original to the extent that these 
results have not previously been published. 


* General Metallurgical Manager, Anaconda Copper Mining Co. 
23 
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FREDERICK LAIST 


Four PrEriops 


& 

It is helpful, in order to get a clear idea of the developments that took 
place during these years, to divide the time into four periods. The first 
started with the construction in 1879 of the first reverberatory smelting 
furnace to be built in Montana, and may be considered to have ended 
about 1890. During this period, numerous furnaces were built but their 
size and the general method of operation remained much the same as 
it had been in Wales, from which country the early Montana, practice 
was borrowed. The second period extends from about 1890 to 1904. 
During this time, methods of operation were improved and furnaces 
were considerably enlarged but, in general, practice remained much as 
before. The third period commences with 1904 and ends about 1914. 
It witnessed the development of the long furnaces of today and further 
progress in the direction of continuous operation. Heating was, how- 
ever, still done by coal burned in fireboxes. Oil had been adopted as 
fuel elsewhere but was not available in Montana. The fourth and last 
period starts with 1914 and extends to the present day. Firebox heating 
was replaced by coal dust and later by gas. Side charging was intro- 
duced and the practice of maintaining a deep bath throughout the length 
of the furnace was given up or modified. 


Earty PRACTICE 


The early smelting plants of Butte and Anaconda are briefly described 
by Professor Hofman and the equipment they contained is detailed. 
The first reverberatory furnace was built at Butte by Henry Williams at 
the plant of the Colorado Smelting & Mining Co. in 1879. This furnace 
had a hearth 14 ft. long by 9 ft. wide and used wood as fuel. It smelted 
about 10 tons of ore per 24 hr. and produced a matte assaying 60 per cent 
copper and from 700 to 800 oz. of silver to the ton. The matte was 
hauled 200 miles to the railroad and was shipped abroad. In 1880 two 
reverberatories with hearths 16 by 10 ft. and fireboxes 5 by 5 ft. by 4 ft. 
deep, were built at the Colusa smelter of the Montana Copper Co. 
Each of these smelted 12 tons of ore per day and burned 10 cords of 
wood. In 1881, six furnaces of about the same size were built at the 
Parrot Works. In 1883, similar furnaces were built by the Boston and 
Montana Co. The charges to these weighed from 2 to 3 tons and about 
12 tons were smelted per 24 hr. to a matte assaying 60 to 67 per cent 
copper. An attempt was made at the Parrot Works to convert this to 
blister copper, but was given up on account of excessive cost. At first 
wood was used as fuel but later the fireboxes were adapted to burn Rock 
Springs coal, which increased the capacity of the furnaces to about six 
3-ton charges, or 15 to 18 tons per day, with a ratio of charge to fuel of 


somewhat less than 2 to 1. 
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The operation of these furnaces may be considered typical of Butte | 
practice of that time and is thus described by W. M. Kelly. Calcining 
was done in wood-fired, hand-rabbled reverberatory roasters. The 


Fic. 2—ANACONDA AND UppER WORKS IN 1886. 


calcine that accumulated in a pit at the front of each roaster was cooled 
and wetted by water to the extent of perhaps 10 per cent. A 3-ton 
charge of this wet calcine was wheeled to the side doors of the reverbera- 
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tory and shoveled in by hand, throwing the charge against side 
and bridge walls and covering the surface of the bath. Coal wa’ shoveled 
into the fireboxes by hand and slag was skimmed into sand beds where 
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it solidified into large slabs to be wheeled to the dump in barrows 
specially adapted to the purpose. After every third charge had been 
smelted, the matte was tapped into sand molds, cooled, sacked 
and shipped abroad. The inside of the furnace was then examined and 
damp, crushed quartz was shoveled, or placed by means of a long- 
handled paddle, against the corroded spots. The furnace was then 
ready for another cycle. 

In 1883, construction was started on the Upper Works of the Ana- 
conda Copper Mining Co., by Marcus Daly. Twenty-six reverberatory 
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SCALE 
Fic. 4— ANACONDA OLD WORKS MATTE-SMELTING FURNACE OF THE EARLY NINETIES. 


matting furnaces, with hearths about 18 by 12 ft., were erected. They 
had individual stacks, smelted 3-ton charges and at first appear to have 
treated only about 15 tons per furnace per 24 hr. with a coal ratio of 1.5 
to 1. The furnaces were arranged in two buildings. No. 1 contained 14 
smelting furnaces and 12 hand-rabbled reverberatory roasters with one 
Bruckner cylinder. No. 2 contained 12 smelting furnaces and 12 roasters. 
Rock Springs coal was used for smelting, cord wood for roasting. Occa- 
sionally, when there was a shortage of coal, wood was substituted for 
part of the coal in the matte furnaces. 

Two furnaces, 22 by 15 ft., were built in 1886 at the Butte & Boston 
plant. These appear to have been the largest in the district at that time. 
At Anaconda 29 new matting furnaces with hearths about 22 by 14 ft. 


|: 


were built in the year 1887 at a new Ic 
Operations at this plant commenced in 888 using ; ae 
smelting. ‘The furnaces treated 25 to 30 tons per day wi ha 
fuel ratio when using Rock Springs coal of 2.5 to 1. The pr 
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Fic. 5.—REVERBERATORY MATTE-SMELTING 
FURNACE, BUTTE, DESIGNED BY H. C. BELLINGER, 
1893. ‘ 
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charging hot calcine was adopted here for the first time. The plant is 
described by W. M. Kelly as being divided into upper and lower floors. 
On the upper floor, there were 14 reverberatory furnaces and 36 Bruckner 
roasters. On the lower floor, there were 15 reverberatories and 60 
Bruckners. All furnaces were connected through flues to three stacks 
on the hillside. 
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The Upper Works at Anaconda were rebuilt in 1890 when the furnaces 
were lengthened to 27 ft. and 40 Bruckner roasters were installed in place 
of the hand-rabbled furnaces. At the same time, arrangements were 

made whereby the calcines could be delivered hot, as they came from 
_ the roaster bins, into the reverberatories. The slag was granulated, 
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elevated by means of a 30-ft. sand wheel and flumed to the dump. All 
furnaces were connected through flues to a 200-ft. stack on the hill- 
side. The furnaces now smelted 30 tons per 24 hr. with a fuel ratio of 
about 2.5 to 1. ; ae. 
Mr. Kelly says: “The reverberatories were larger than the original 
furnaces at the Upper Works and operating practice differed very 
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materially. Hot instead of wet calcine was charged to these furnaces, a 


and so far as I know, for the first time in the history of reverberatory 
smelting.” The hot calcine from the Bruckners dropped into a brick 
pit or bin equipped with slide doors which permitted the hot calcine to 
be drawn into a 4-ton hopper car which could be raised, on an inclined 
tram by means of a hoist, to the floor over the furnaces. The calcine, 
after being dropped through a hopper on to the hearth, was spread by 
means of a rabble or spade to facilitate smelting. Before the installation 
of converters, the grade of matte was kept between 59 and 62 per cent. 
The Lower Works were destroyed by fire in March, 1889, were rebuilt, 
using structural steel instead of wood in the buildings, and started 
operations again in the fall of the same year. There were no material 
changes in design other than the substitution of steel for wood, and 
methods of operation remained the same. 

The early furnaces were built over an open space, through which air 
was caused to circulate with the idea of keeping the bottom cool. This 
space was arched over and the hearth of the furnace was laid in the shape 
of an inverted arch enclosed by side walls of firebrick which supported 
the roof. A lining of firebrick, which could be renewed without inter- 
fering with the roof arch, protected the walls from damage by the flames 
and molten charge. The hearth was an elongated oval although the 
external shape of the furnace was generally rectangular and was strongly 
braced by steel I-beam buckstaves and tierods. The bridge wall between 
the hearth and the firebox was built around a “conkerplate,’”’ which served 
the double purpose of strengthening the bridge wall and keeping it from 
getting too hot, air being circulated through the channel in the “ conker- 
plate.” The arch was constructed of silica brick and generally had a 
rise of about one inch in the foot. It sloped rather steeply toward the 
front of the furnace until it approached within 12 or 14 in. of the skim- 
ming plate. The shape of the roof and of the hearth, as well as the size 
of the space where roof and side walls converged—technically known as 
the ‘“verb”—were supposed to have much to do with the fuel efficiency 
and smelting rate of the furnace. At first it was considered important 
for each furnace to have its own stack, which was generally 4 to 5 ft. 
square and about 60 ft. high, but about 1887 the practice of connecting 
into a common flue leading to a single stack was adopted. 

The hearth was constructed of ground quartz containing approxi- 
mately 97 per cent silica. The smelting in of the sand hearths was done 
with utmost care in order to avoid—in so far as possible—the ever- 
present danger of having parts of the bottom floated up by the molten 
matte resting upon it. The quartz or sand, sometimes mixed with 3 o1 
4 per cent of slag, having been shoveled into the heated furnace, was 
rabbled, while the moisture and carbon dioxide were driven out and, as 
the temperature increased, was formed into the proper shape by means 
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of long-handled paddles. The doors were closed and the temperature 
was gradually increased to the maximum degree obtainable and main- 


Fie. 9.— oan 
9.—CHARGE FLOOR, Upper Works, ANACONDA, IN THE EARLY NINETIES. 


eas thus for several hours. The furnace was then allowed to cool, after 
i slag, crushed to about one inch size, was spread over the surface 
used and absorbed by the porous sand bottom. A second similar fision 


— 
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completed the saturation of the lower hearth, after which the sand was 
thrown in for the upper hearth. This was calcined and very carefully 
shaped up, fired, cooled, saturated and generally smelted in very much 
like the lower hearth. Finally the furnace was fettled and was then ready 
to go on its regular work. 

The firebox was lined with firebrick and the grate bars were usually 
ordinary iron rods about one inch square. The relation between the 
areas of firebox and hearth was obviously of great importance. At first 
the tendency was to limit the area of the firebox while gradually enlarging 
the hearth, on the theory that a better utilization of heat would be thus 
obtained and less coal would be used per ton of charge smelted. Thus 
the small furnaces of 1880 with hearths about 10 by 15 ft. had fireboxes 


_ 4by 5 ft., giving a ratio of approximately 1 to 5 for the areas, whereas the 


35 by 14-ft. furnaces of a later date had 5 by 8-ft. fireboxes, giving an 
area ratio of about 1 to 9. In the long furnaces which followed, the 
ratio was about 1 to 18, but most of the smelting was done in about 
one-third the length of the hearth. It was soon realized that better 
results could be obtained by forcing the furnaces and by increasing the 
rate of combustion. The idea gained ground that fuel should be burned 
as rapidly and intensively as possible so that the flame temperature might 
be as high as possible in a comparatively limited area near the bridge 


-wall where most of the smelting was done. This led away from the 


exaggerated oval shape of hearth, the theory of which appears to have 
been that room for expansion of the gases must be allowed immediately 
after they left the firebox. Instead, the furnaces were built with more 
elongated hearths and relatively wider fireboxes, which led to an intensi- 


’ fication of the heat in the region near the firebox. This tendency reached 


its culmination in the long furnaces of 1905 in which the firebox was 
almost as wide as the hearth and the length of the hearth was six times 
its width, as compared with one and one-half times in the early furnaces. 


IMPROVEMENTS IN OPERATION 


The character of the charge was well adapted to rapid driving as it 
was readily fusible and the matte fall was heavy, being 25 to 30 per cent 
of the total weight of charge. At Butte and Anaconda the calcined 


‘concentrates contained about 15 per cent copper and a slag running about 


37 per cent silica and about 6 per cent alumina was ordinarily made with 
a matte ranging from 50 to as high as 65 per cent copper. The favorable 
character of the charge, together with the practice of charging hot 
caleines and other improvements in operating technique, led to the 
attainment of unprecedented capacities. The furnaces of the Montana 
Ore Purchasing Co., which were built about 1893, and those of the Butte 
& Boston Mining Co. of about the same date, are said to have treated 
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as much as 50 tons per 24 hr. and new records were constantl: 
being established. 

The old idea that the bottom of a reverberatory must be kept cool by 
circulation of air was being abandoned, and the vaults under the furnaces 
were being filled with slag. It is difficult to understand why that part 
of a reverberatory which is hardest to keep hot should have been deliber- — 
ately cooled, but such had been the custom for generations and ideas 
firmly rooted in the past die hard. It is to the credit of the Montana 
metallurgists that they recognized the anomaly and had sufficient enter- 
prise to break away from it. Gradually the modern practice of con- 
structing the furnaces on a solid foundation became universal. 

Probably the most important improvement in operating technique, 
apart from using hot calcine, was the maintenance of a large pool of matte 
in the furnace at all times. The idea had long been prevalent that matte 
was injurious to the bottom and that the furnace must be entirely emptied 
at frequent intervals in order to enable the workmen to inspect and 
repair the hearth as well as fettle the side walls. Then it began to be 
noticed that a pool of matte not only did no damage to the bottom but 
served as a protection and greatly aided the smelting of the succeeding 
charge. Steps were taken to prevent the workmen from tapping out the 
matte beyond a certain point and the practice was instituted of charging 
more frequently and skimming less completely so as to make the opera- 
tion more continuous and less intermittent. 

We begin to recognize the practice which immediately preceded that 
of today, and which was distinguished by: 

1. A large pool of matte which covered the entire furnace bottom 
from one end to the other and had a depth of from 12 to 24 inches. 

2. The charging of hot calcines at frequent intervals and in relatively 
small quantities. 

3. The periodical partial removal of slag in such a manner as to cool 
and interrupt the steady running of the furnace as little as possible. 

4. Fettling less frequently—sometimes only once a month. 

5. Using the furnace as a storage reservoir for matte from which the 
converters obtained their requirements as needed. 

The maintenance in the furnaces of a large quantity of matte was of 
particular importance when firing was done by means of coal burned in 
fireboxes. These fires required grating about every four hours, during 
which most of the evolution of heat stopped and the laboratory of the 
furnace cooled off considerably. The latent heat stored up in the bath 
served as a stabilizer, as the temperature of the bath did not go down with 
the temperature of the smelting chamber. Thus when the fresh coal, 
dropped into the firebox after grating, started burning again, it did not 
take long to reestablish normal conditions. The body of matte, or rather 
of matte and slag, held in the furnace at all times was very large, and 
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increased with the size of the furnaces, from 10 or 15 tons to as much as 
150 tons in the long furnaces which came in about 1905. As will become 
apparent later on, the large pool of matte is no longer of such importance. 

Another useful purpose of the bath was that it helped to spread the 
charges of hot calcines and prevented their adherence to the bottom. 
The molten, half-metallic bath was an excellent conductor of heat, and 
heat radiated from the roof and side walls and absorbed from the flames 
and hot gases got to the bottom through the bath more readily than 
through a thick layer of poorly conducting charge. The hot calcines, on 
account of the sulfur dioxide which they were constantly giving off, 
tended to flow like a liquid, and this tendency was increased when they 


were dropped on to a molten bath of relatively high specific gravity. 


The consequence was that it was no longer necessary, as in the early 
practice, to level off the charges, and the time and heat losses that accom- 
panied this operation became negligible. The furnaces could be built 
with fewer doors and openings, thus decreasing air leakage, and they could 
be made of larger size, since the limitation of man power was no longer a 
controlling factor. 

As the furnaces became larger, the bath and the capacity of the 
smelting chamber kept increasing in relation to the size of the charge. 
The early 10 by 15-ft. furnaces were operated on what might be described 
as a ‘“‘batch”’ system and originally the size of a charge was the quantity 
of ore that would fill the smelting chamber but still leave room for the 
passage of the flames and hot gases. Fresh charges were introduced 
until the desired depth of matte and slag had accumulated on the hearth. 
The slag, being lighter, floated on top of the matte, and when the final 
charge of a cycle was completely smelted the slag was skimmed off and 
the matte was cast into sand molds. The furnace was then recharged 
and a new cycle was commenced. It is easy to see how such a system 
made it almost impossible to greatly enlarge furnace units and increase 
their efficiency. It is interesting to note in retrospect the reluctance with 
which seemingly obvious innovations, such as charging by means of 
hoppers, were received. The following excerpt from Peters (edition of 
1892) illustrates the point: 


It is more advantageous to charge a furnace by the side doors than by means of a 
hopper above the roof, as the proper leveling and distribution of the heavy charges 
now used, are almost impracticable by means of the rabble, while when charged with 
a shovel, every pound of ore can be thrown just where it is needed. In order that no 
time be wasted, the helpers from other furnaces assist in charging—at least four men 
being required. The work is exceedingly hot and laborious, as the entire process 
should be completed in from 10 to 15 minutes, to avoid waste of time and fuel. 


It thus becomes clear that along with the enlargement of the furnaces 
there had to go radical changes in practice, which would make the opera- 
tion of the furnaces less dependent upon the strength and endurance of 
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the individual workman, and to what extent this was accomplished ‘ ~ 
reverberatories of today bear abundant witness. The work of the men 

altered in character and it became possible for the same crew to attend 
to a furnace of greatly increased size and capacity while at the same time 
the physical labor required of them became very much less. The way 
having been thus prepared for enlargement of furnace units, the work 
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Fig. 12.—REcTANGULAR REVERBERATORY FURNACE DESIGNED AT ANACONDA IN THE 
LATE NINETIES. 

proceeded rapidly and the decade from 1890 to 1900 witnessed a growth 

in hearth dimensions from 15 by 22 ft. to 20 by 50 ft., the Butte & Boston 

Mining Co. being again the pioneer with a furnace of this size, constructed 

according to drawings made at the Colorado Smelting Works. 

From 1896 to 1900, inclusive, there were erected at the Butte Reduc- 
tion Works three furnaces. The first of these had a hearth 16 by 35 ft. 
and smelted 45 to 50 tons per 24 hr. A second furnace, 16 by 45 ft., was 
built in 1897 and smelted from 60 to 70 tons per 24 hr. Finally, in 1900, 
a third furnace, 20 by 50 ft., smelted from 85 to 100 tons per 24 hr. At 
the plant of the Montana Ore Purchasing Co., by 1900 six furnaces were 
being operated with hearths 16 by 33 ft. At Anaconda four furnaces 
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were enlarged in 1899, to approximately 14 by 35 ft., and one to 14 by 
45 ft. In 1901, 14 furnaces with hearths 20 by 50 ft. (later narrowed to 
19 ft. by thickening the walls) were built at a new plant called the Washoe 
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Fig. 13.—Typrrcat ANACONDA OLD WORKS REVERBERATORY MATTE-SMELTING FUR- 
NACE OF THE LATE NINETIES. 


smelter, subsequently renamed the Anaconda Reduction Works. These 
formed the nucleus of the long modern furnaces, 

While these enlargements were being made, a great deal of experi- 
menting was going on looking toward increasing furnace capacity by a 
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more intensive combustion of the fuel. Ordinarily 
by enlargement of the firebox, the area and heigh 
abandonment of the so-called “clinker grate” of the Wel 
There were also, however, numerous attempts to use forced Fun 
the grates and at the Colusa smelter three 12 by 20-ft. furnaces had be 
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so equipped and were being operated with under-grate blast when the 
plant was closed down in 1899. These three furnaces averaged 135 tons 
per 24 hr., or about 45 tons per furnace day, which, considering their 
small size, was very good indeed. Similar experiments had been carried 
on at Anaconda but natural draft was preferred at the “Old Works.” 
Nevertheless when the “New Works” were planned, forced under-grate 
blast was adopted. The system was not successful, perhaps on account 
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of the excessive clinkering of the Diamondville coal with which the 


_ furnaces were heated, and after every effort had been made to get the 


furnaces to work, the system was given up in favor of natural draft. 
Attempts were also made to preheat the air used for combustion and 
Peters describes such a furnace built at Anaconda, which was designed to 
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use an inferior coal containing upwards of 20 per cent ash. The coal was 
fed from a hopper directly into the firebox and the ashes were sluiced 
away by astream of water. The ashpit was closed by means of iron doors 
and the grates were shaken by means of a handle on the outside. The 
stack, starting about 6 ft. below the ground line and extending 15 ft. 
above, had double walls. The space between these walls was traversed 
by a zigzag pipe. The air required for combustion was drawn through 
this pipe, passing thence backward and forward through the main vault 
under the furnace and finally reached the firebox through large cast-iron 


conduits on either side of the ashpit. The air is said to have been heated 


to a temperature of 371° C. and the furnace, the hearth of which measured 
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only 11 by 21 ft., is said to have smelted 46 tons of hot calcine 
per 24 hours. “ 

We have not been able to obtain confirmation of this statement as to 
tonnage smelted, although such a furnace was undoubtedly built. It is 
possible that a better grade of coal was used when smelting at the rate — 7 
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Fig. 16.—F rest 20 sy 50-Fr1. FURNACE CONSTRUCTED 
AT Butts & Boston SMELTER IN 1899. 


of 46 tons. The Lower Works furnaces were operated on Sand Coulee 
coal for about two years, from 1894 to 1896, without, however achieving 
satisfactory results. The air was preheated to some extent by Greulauee 
under the furnace, and steam and forced blast were used under the grates 
ay performances were very poor. The amount smelted was only Bhat 

tons per 24 hr. per furnace with a ratio of 2to 1. The ratio was not 
so bad, considering the low heat value of the coal, about 9500 B.t.u., 


OdV GHLOOULSNOO ‘SHHOM UAMOT FHL LV SHOVNEOA AUOLVUATUAAGY WAIA JO NVId TVOIdAT— LT “OT 


} OD & 
sH 8681 1a 
5078 Wal : 1 ae ; 
“ ‘ 
Bs: 7478 me —+|.—§ 6:8 “1 pee a = 
— tt a =" iA. tA — 
REY | WRK RKO BSCR KK se | f OKT KER % Y 
: Gi Wecteceterostenstecoteneerete: | Keeseeegeecoseocseonl | esexcocieosssoasy | xnsoxgseoncs G Z 
VARS] | Ksecosecesasoeasa OY Z 
: B Rd | Z 
2 acece 
| LMM a: LLL RK Z 
SOTO RKO] : y) 
PRIS 0 IT y 
B 
mM 
Me : 
a 
| 
] 
4 
ie) 
Loe 
fS 
a 
Wea sectatacarenteees 
F RS 
& CLLLLLLLLL I fhe, a KI : 
zy LX? 
xX) ‘A 
<4 % <> 
ox bse SRRKK KOO ee 
megegs ; ere SKORIK KOH 
20%? SSK KALI O60, PSK IKON 
XX) ROCIO KX] ORK RRR KKK 
Yio S80 Pee sesseceie totais Maem anate® Se SY 


YUL 
7d ie Mie 


“ 6; u 


< 


CAS 
REI 


, 


P Ps a. fee a nn ‘soe ~ + MONT 
44 HISTORY OF REVERB R T. IN MON 


#5 a 


and the high ash—from 20 to 25 per cent—but it was almost impossil 
to keep the furnaces hot and interruptions were frequent. — * 


ROASTING 


The ratio of iron and sulfur in the concentrates from Butte ore has — 
always, until recent years, been such that from 75 to 80 per cent of the 
sulfur had to be eliminated by roasting in order to make a matte of 
acceptable grade. It is outside of the scope of this paper to discuss 
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Fig. 18.—Earty Great FAs GAS-FIRED REGENERATIVE TILTING FURNACE OF 1894. 


Montana roasting practice in detail but a brief résumé of developments 
in this field will not be out of place. The earliest roasters were rabbled 
by hand but it was not long before mechanical furnaces were adopted. | 
For many years the Bruckner cylinder was generally used at Anaconda 
and Great Falls and, although it had the disadvantage of intermittent 
operation, it held its own against mechanically rabbled, straight-line 
furnaces, which were favored at Butte. Of the latter, there were many 
different designs, such as the O’Hara, Weathey, Ropp, etc. All of 
these furnaces required considerable fuel and maintenance costs 
were high. 

Finally in the late nineties, the McDougall type of furnace began to 
attract attention. This furnace, as originally constructed, was small 
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f and there was no provision for cooling the cast-iron shaft and rabble arms. 
_ Moreover, the rabbles and arms were cast in one piece. The Herreshoff 
_ furnace was a modified McDougall in which air cooling had been applied 
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to shaft and arms but it too was available only in comparatively small 
units. These and other drawbacks were overcome in the Evans-Klepetko 
McDougall roasting furnace, which was designed and built at Great 
Falls and won instant favor. The six superimposed hearths were 
enclosed in a steel shell, 16 ft. in diameter, and the shaft and arms were 
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water-cooled. The rabbles were separate castings which slipped over 
flanges on the sides of the arms. Each of these furnaces roasted about 
40 tons of concentrates per 24 hr. and used no fuel whatever. Mainte- 
nance expenses were moderate and roasting costs dropped to unpre- 
cedentedly low figures. 

The multiple-hearth roasting furnace is now used everywhere, 
although the design of Evans and Klepetko has undergone some modifi- 
cation. The furnaces have been further enlarged and air cooling is gen- 
erally preferred to water cooling. This, however, is due to the fact that 
in most localities the concentrates requiring roasting are deficient in 
sulfur. In Montana, on the contrary, the concentrates contained so 
much sulfur and developed so much heat that the charge sintered on the 
hearths and interfered with the smooth running of the rabbling mech- 
anism unless the temperature was held down by the use of water, at least 
in the arms. 


Tinting FURNACES 


While the foregoing developments were taking place at Butte and 
Anaconda, a radically different type of smelting furnace had been con- 
structed at the Great Falls plant of the Boston & Montana Consolidated 
Copper & Silver Mining Co. Ground for this plant was broken in the 
spring of 1890 and reverberatory smelting was started in April, 1892. 
The reverberatories were patterned after open-hearth steel furnaces of the 
tilting type, were equipped with regenerative chambers and were heated 
with producer gas. According to Hofman, the original furnaces, of 
which there were eight, had hearths 13 by 16 ft., but the earliest drawings 
in the files at Great Falls are some pencil sketches dated May 4, 1894, 
which show the hearth dimensions as 13 by 20 feet. 

According to a memorandum in the office files, three out of the eight 
furnaces were operated by direct firing of coal during the last four months 
of 1892, the remaining furnaces being operated on producer gas with 
regenerative heating of the air and gas. The direct-fired furnaces aver- 
aged only 8.9 tons per day as compared with 25.2 tons for the gas-fired 
regenerative furnaces. The fuel consumption, on the other hand, was 
no: better for the regenerative furnaces than for the direct-fired, being 
1.12 tons of coal per ton of charge for the former and 1.13 for the latter. 
It is only fair to say, however, that lump coal was used in the direct-fired 
furnaces, whereas run of mine coal was used in the gas producers and 
under the boilers furnishing steam for them. The fuel cost in the gas- 
fired furnaces was $1.55 per ton of charge as compared with $2.81 for 
the direct-fired. 

It appears that considerable trouble was experienced in operating the 
tilting furnaces. The regenerator checkers were too small and could not 


be cleaned without shutting down the furnace. The furnace roofs were 


FREDERICK LAIST 47 


low and arched in one direction only and smelted out rapidly. There 
was considerable leakage between furnace and checkers. As a result of 
studies made in the fall of 1894, these defects were corrected and the 
hearth was apparently shortened to 16 ft., the length given by Hofman. 
These changes appear to have had the desired effect, as in 1895 the fur- 
naces were averaging about 42 tons per day and were using only 0.77 
tons of coal per ton of charge, corresponding to a ratio of 1.3 to 1. The 
calcine, which was charged hot, ran 20 per cent copper and 8 per cent 
sulfur, and produced a matte running from 50 to 55 per cent copper. No 
slag analyses have been found but such records as exist appear to indicate 
that trouble was experienced with removing the slag and that matte 
losses were such as to give serious concern. This led eventually to the . 
abandonment of the tilting furnaces. 


STATIONARY FURNACES FIRED witH PRopucER Gas 


In 1896 No. 8 furnace was rebuilt as a stationary furnace with a 
hearth 30 ft. long. This was a marked improvement and smelted about 
93 tons per day. In 1897, No. 7 furnace was built with a hearth 42 ft. 
6 in. by 15ft.9in. About the same time, the gas producers came in for 
attention and a new type capable of gasifying about 12 tons of coal, as 
compared with 6, was designed and installed. In 1900 and 1901 two 
more furnaces, Nos. 5 and 6, of the same hearth dimensions as No. 7 
but of improved design, were erected and the old tilting furnaces 1, 2, 3, 
4 and 5 were dismantled. Finally the last reverberatory, No. 4, was 
constructed in 1902. Later Nos. 7 and 8, which were of inferior design 
and construction, were dismantled, and the performance data that follow 
apply to the furnaces that remained, which were the last ones to be 
built; viz., Nos. 4, 5 and 6. 

Generally speaking, it may be said that these furnaces smelted about 
200 tons of charge per day with a coal consumption of 50 per cent; in 
other words, a charge to fuel ratio of 2 to 1. It is possible that these 
results could have been bettered had the furnaces been nearer to the 
producers and had the area of gas and air checkers been larger. The 
heating area was 2300 sq. ft. for the gas and 5800 sq. ft. for the air checkers 
at each end of the furnace. One of the largest items of operating expense 
was repairing these checkers as they became clogged with dust. Since 
this happened more frequently than repairs to the furnace, there was a loss 
of time and heat which was chargeable to the regenerative system itself 
and led to its ultimate abandonment. 

The gas required per furnace was determined by tests to have been 
14,300 cu. ft. per minute at a temperature of 790° F. and a pressure 
of 679 mm. A producer gasifying 12.5 tons of coal per 24 hr. yielded 
2122 cu. ft. of gas per minute at this temperature and pressure. Under 
standard conditions of temperature and pressure, this gas had a calorific 
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value of 142 B.t.u. per cubic foot. Calculation further shows t 
including the sensible heat in the gas delivered to the furnace, the hes no 
one pound of coal was distributed as follows: 71.5 per cent in gas delivered 5 
to the furnace, 21.9 per cent lost in conversion and 6.6 per cent lost in 
producer ash. From 20 to 22 producers were required for the operation 
of the three furnaces. ~ 


PERFORMANCE OF FURNACES 


Data as to the performance of furnaces operating at Butte and 
Anaconda during the 10 years from 1880 to 1890 are meager and are 
none too plentiful for the decade 1890 to 1900. Such operating records 
as were no doubt kept have been for the most part lost or destroyed. 
Hofman gives the fuel consumption of two wood-burning furnaces, with 
hearths 10 by 15 ft., at the Colusa smelter, as 10 cords per 24 hr. when 
smelting 12 tons of charge; in other words, one cord per 1.2 tons of ore 
smelted. Coal-burning furnaces of this period smelted from 15 to 18 tons 
with a ratio of about 2 of charge tol offuel. It was not until the furnaces 
were substantially enlarged and calcines were charged hot that the 
furnace capacity increased beyond 18 tons per day and the fuel ratio 
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TaBLE 1.—Comparative Statement of Reverberatory Furnace Work at 
Butie & Boston and Colorado Smelters 
AVERAGE FOR OcTOBER, 1899 


Butte & Boston Smelter Furnaces | Colorado Smelter Furnaces 


No. 1 | No. 2 | No. 3 | No. 4 No. 1 | No. 2 | No. 3 


Hearth area, sq. ft.............. 428.6 260.9 272.4 188.6 772.2 532.0 628.2 
Dimensions of hearth, ft......... 50 X 18| 36 X 14] 45 X 18 
Firebox area, sq. ft............. 49.4 49.9 47.1 30.9 36.8 36.8 36.8 
Ratio of hearth to firebox....... 8.68:1 | 5.23:1 | 5.78:1 | 6.11:1 | 21.0:1 | 14.5:1 | 17.021 
Daily average tonnage smelted... 81.8 73.3 aa 58.3 79.2 51.6 58.6 
Daily average tons coal burned+.. 28.5 2301 23.6 19.9 20.1 17.1 16.8 
Weight per charge, tons......... 10.0 7.0 8.0 
Ratio of ore to coal.............] 2.87:1 | 3.16:1 | 3.26:1 | 2.93:1 || 3.95:1 | 3.07:1 | 3.48:1 
Pounds smelted per sq. ft. hearth 

ATOR: ceractiar tetova. «tr cbistwertan<achalcn 881.4 561.6 565.6 617.6 205.0 194.1 186.5 


oe slack coal was used at Butte & Boston smelter; Diamondville lump at Colorado 
smelter. 

showed material improvement. Peters states that about 1893 the general 
run of furnaces at Butte and Anaconda measured about 14 by 20 ft. and 
smelted about 30 tons of cold ore per 24 hr. with about 8 tons of coal, 
which would correspond to a ratio of 3.75 to 1. This statement is 
probably optimistic as regards fuel ratio in the light of the results con- 
tained in Tables 1 to 4, which were compiled from correspondence and 
operating records in the possession of the writer. H. C. Bellinger states 
that such fuel ratios were obtained with hot ore at the plant of the 
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Montana Ore Purchasing Co., using 16 by 35-ft. furnaces which smelted 


_ from 50 to 70 tons of charge per 24 hours. 


The data of Table 1 are abstracted from a letter addressed to Frank 
Klepetko by W. C. Thomas, Superintendent of the Butte & Boston 
Works. It is dated Oct. 14, 1899, and compares the performance of 
furnaces at the Colorado Works with those at the Butte & Boston. 
The letter contains also the information given in Table 2 and the slag 
analyses of Table 3. All figures in the three tables were furnished by 
Mr. Pearce, manager of the Colorado smelter. 


TABLE 2.—Average Performance of Colorado Furnaces 
First 8 Days, OctoBEr, 1899 


Furnaces 
No. 1 | No. 2 | No. 3 
Tons ore smelted per 24 hr..............-6 78.4 52.8 60.0 
Tons coal burned per 24 hr................. 19.6 16.4 16.0 
Ratio ore smelted to coal burned............ 4.0:1 Beat ef hcul 


Note: Charge consisted of 80 per cent hot calcine, 20 per cent cold ore. Copper 
contents of calcine, 8 per cent. Cold ores were mainly siliceous gold ores containing 
no copper. Coal used was Diamondville lump. During September, using Sweet- 
water slack, the furnaces at the Butte & Boston Works smelted 3.2 tons charge per 
ton coal. 


TaBLE 3.—Colorado Smelter Slags, October 14, 1899 


Analysis, Per Cent 


Description of Sample 


Cu | SiOz | FeO | AlzO3 CaO | ZnO 

Thomas’ sample, Oct. 7.......... 0.4 | 33.8 | 37.0 9.3 2.0 | 16.0 

No. 1 reverberatory, Oct. 9....... 0.4 | 34.6 | 38.0 | 10.0 tr. 1/5 

No. 3 reverberatory, Oct. 9....... 0.5 | 35.4 | 38.0 9.9 ine 14.0 
Butte & Boston slag, September 

PEVCLA LS Olaitateny tees aysl ss aaieeTs epsgae Qasr oa. On OL-O | kkk 0.7 1.0 


In a letter to Mr. Klepetko, Mr. Thomas comments on the operation 
of the furnaces as follows: 


The charge on No. 1 reverberatory is about 10 tons which is dropped after 
skimming, leveled and fired for two hours, actual time. Then another charge of 10 
tons is dropped which is not touched. This is fired on for two or three hours, stirred 
if ready, thenskimmed. ‘The two charges are smelted in from 6 to 6}4 hours, furnace 
is tapped every three or four days, tapping out about 40 tons of matte of 55 per cent 
to 60 per cent copper. 

The same system is followed on the other furnaces, No. 2 having a charge of 7 tons 
and No. 3 of 8 tons. They are skimmed three or four times in twenty-four hours, 
about 3 pots of slag being obtained to each skimming on No. 1, 2 pots on Nos. 2 and 3. 
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The coal used is Diamondville lump which has been broken and screened, more 
accurately described as egg coal. It is sometimes mixed with Rock Springs. While 
using Diamondville alone, the doors on the ash pit are kept closed and a jet of live 
steam is blown in under the grates through a two-inch opening on each side of the 
ash pit. This virtually constitutes forced draft, although not of a pressure such as 
would be obtained from a blower. When using Rock Springs (Sweetwater) lump 
coal, the doors are kept open and and no steam is used, natural draft alone being 
depended upon. 

The furnaces are so constructed that a current of air is drawn underneath the 
hearth where it is warmed, passing thence into a wind-box or air chamber over the 
bridge, from where it is admitted through checker holes into the furnace. This air 
chamber is controlled by a set of dampers which are opened or closed to admit more or 
less air as the fireman thinks necessary. By this arrangement Mr. Pearce believes 
that he obtains almost complete combustion in the furnace. 

The flues last about three months and there are practically no repairs to the stack 
linings, as only very little flame goes into the stacks. The repairs on the furnaces are 
slight. One roof has been in constant operation for about three years. Every time 
a furnace is tapped out it is clayed up, thus keeping the lining in good condition all 
the time. The furnaces are ironed and buck-stayed better than any furnaces I ever 
saw, never getting out of shape. 

The consumption of coal is very light as you will see by the enclosed report. They 
now have in course of construction a furnace much larger than any now in use at their 
works from which they expect a much larger tonnage. 


Mr. Klepetko in replying to this letter doubts the accuracy of 
the copper contents of the Colorado slag samples and thinks they 
may be considerably cleaner than monthly averages under normal 
operating conditions. 

Table 4 shows typical performances of reverberatory furnaces at 
Butte, Anaconda and Great Falls during the years 1900 to 1904, inclusive. 
Shortly thereafter, the old plants at Butte and Anaconda were closed and 
their ores were transferred to the new works at Anaconda. 

The coal used at Anaconda was about the same as that used at the 
Colorado plant. The reason for the better fuel ratio obtained in the 
furnaces at the Colorado smelter than in the 50-ft. furnace at the Butte 
& Boston is not known. This furnace was built according to drawings 
that had been made at the Colorado plant and was the largest furnace in 
Butte. It was similar to the 50-ft. furnaces which were later constructed 
at the New Works at Anaconda. The analysis of the charge was prac- 
tically the same and at both plants calcines made up about 92 per cent 
of it. At this time both the Butte & Boston and the Colorado furnaces 
were operated on a charge averaging about 10 per cent copper, 35 per 
cent insoluble, 40 per cent FeO and 9 per cent S, and made a matte run- 
ning about 45 per cent copper. The slags assayed 0.75 per cent copper, 
38 per cent SiO, and 50 per cent FeO. The cost of smelting at the Colo- 
rado Smelting Works was about $2.60 before general expense, which added 
about $0.20. The cost of coal was $1.35, leaving $1.25 for all other direct 
expense including charging, slag disposal, repairs, ete. At the Butte & 
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TaBLe 4.—Typical Performances of Reverberatory Furnaces at Butte, 
Anaconda and Great Falls, 1900 to 1904, Inclusive 


———————————— eee 


are Hono ae aily s re e 
ear ea . verage | Smelte 
Name of Plant ao or Dimen- Period 1p one pen Ton Remarks 
5 sions Smelted| Coal 


Colorado Smelter i 18 X 45 ft. 6 months, 1904 80.4 3.83 
2 14 X 36 ft. 6 months, 1904 75.2 3.75 
4 18 X 50 ft. 6 months, 1904 96.8 3.81 


Butte & Boston.. 17 X 25 ft. | 18 months, 1904-05| 53. 


1 7 A Utd 
2 17 X 22 ft. | 18 months, 1904-05 48.7 1.96 
3 17 X 22 ft. | 18 months, 1904-05 42.8 1.74 
4 20 X 50 ft. | 18 months, 1904-05 99.1 2.58 
Anaconda Lower 
IWiOrks. oc scp 1 390 sq. ft. July, 1901 69.9 3.15 | Hearths about 14 x 
2 395 sq. ft. July, 1901 68.3 Ee slal 33 ft. 
3 430 sq. ft. July, 1901 69.2 3.03 
5 395 sq. ft. August, 1901 59.1 2.99 | Under-grate blast. 
¥f 395 sq. ft. . July, 1901 71.0 3.38 | Without boiler. 
vf 395 sq. ft. July, 1901 55.4 3.10 | With boiler. 
“ 395 sq. ft. August, 1901 56.5 3.21 | With boiler. 
Great Falls...... 3 Fes. | Av. 15.7 X 6 months, 1904 192.9 1.98 | Gas-fired regener- 
42.5 ft. ative. 


Coat ANALYSES, PpR CENT 


Plant | Moisture | Volatile Matter Fixed Carbon Ash 
Colorado Smelter....6c.0cecesiese ce. 6.0 36.3 45.2 | 12.0 
Butte & BOStorten ceacteicte crete o's eieie.0 5.0 38.3 47.4 9.3 
Great: Palit fx nypare ete are tele: clevais oiace 6.1 23.8 50.0 20.1 


Boston Works, fuel costs were much higher and for the period in question 
averaged $2.27 per ton of cuprous material smelted. 

The Anaconda furnaces shown in Table 4 were remodeled furnaces 
situated at the Lower Works. ‘Two of the furnaces were equipped with 
boilers which were alternately connected and disconnected in order to 
ascertain the effect on furnace performance. The effect of the boilers 
on fuel ratio was not marked but the smelting rate was decidedly lessened. 
The same might be said about No. 5 furnace, which was operated with 
under-grate blast. These experiments were preliminary to the installa- 
tion of the reverberatory furnaces at the New Works. 

W. M. Kelly gives the following interesting account of the develop- 
ments at the Lower Works at Anaconda from 1898 until the plant shut 
down about 1902. It seems that no changes of note had been made in 
the construction of the furnaces until that year, when some of them were 
lengthened to 28 ft. and widened to 1214 ft. This increased smelting 
capacity to 36 tons per day and fuel ratio to 2.75 to 1. Diamondville 
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Fie. 20.—Gratu-rirep 50-FT. REVERBERATORY 
SMELTING FURNACE AT THE New Works, ANACONDA, 
1902. 


CROSS-SECTION 


: As a matter of fact some of the early slag dumps were subsequently 
reclaimed and used as blast-furnace flux at the New Works. 


From the success attained in upper floor reverberatories, attention was next 
directed to the lower floor furnaces. The building of a 50-ft. furnace was discussed 
but it was finally decided to build five furnaces, 35 by 14 ft., and one 45 by 14 ft. 
The average capacity of these furnaces was 70 tons per 24 hr. with a ratio of 3 to 1. 
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There were five hoppers over each furnace and calcine was hauled from the roasters 
in mine cars. The charge was composed of calcine, roaster flue dust and lime rock. 
In 1900, Mr. Cairns, who was assistant general manager, installed Stirling boilers 
on No. 5 and No. 7furnaces. The fireboxes and flues were made smaller. The boiler 
tubes were baffled, leaving a very small opening from the boiler to the downtake. 
Doors were put on the ash pit of No. 5 and forced draft used at times. Results were 


Fic. 21.—FrrEBOX AND BACK OF REVERBERATORY FURNACE UNDER CONSTRUCTION, 
1901, New Works, ANACONDA. 
Fia. 22. DowNTAKE AND FRONT OF i alo FURNACE UNDER CONSTRUCTION, 


unsatisfactory and later fireboxes and flues were rebuilt to their original size and the 
baffles were almost entirely removed from the boiler tubes. After this, fair tonnages 
were smelted but the results were not as good as were obtained without the boilers. 

Before installing the Stirling boilers, an upright boiler had been tried in connection 
with No. 6 furnace on the upper floor. This proved a failure both as to furnace 
performance and generation of steam. 


The Great Falls furnaces continued to operate as reported, without 
substantial change in design or performance, until they were closed down 
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in 1915. For nine months in 1911, for example, they averaged 183 tons 
per furnace day and smelted 1.9 tons of charge per ton of coal. While 
the tonnage and ratio were somewhat less than for the earlier period, the 
quality of the coal was also inferior, the ash having increased from 20 
to 28 per cent and the B.t.u. having dropped from 10,860 to 9,382. 
Considering the inferior quality of the coal, it is apparent that the tech- 
nique had improved somewhat. The grade of matte had been lowered 
from 46 per cent in 1904 to 32 per cent in 1911 and this had been accom- 
panied by a drop in the copper content of the slag from 0.9 per cent in 
1904 to 0.35 per cent in 1911. 
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Fira. 23.—REVERBERATORY FURNACE PLANT UNDER CONSTRUCTION AT New Works, 
AnaconpbaA, Jungz, 1901. 


Nothing further need be said about the Great Falls gas-fired furnaces, 
as they were replaced by long furnaces, heated at first by large gas- 
producing fireboxes, each having an area of more than 400 sq. ft., and 
later with coal dust, following Anaconda practice of about 1915. These 
furnaces, of which there were two, had some structural peculiarities which 
are shown in one of the illustrations. The walls were incased in heavy 
sheet steel and the arch was kept from spreading by thrust posts instead 
of by tierods. The roofs were practically horizontal throughout their 
length and the opening into the flue was greatly enlarged. The furnaces 
operated satisfactorily but the steel casing added nothing to their per- 
formance and was expensive. No more furnaces of this type were built 


and after the ending of the war in 1918 copper smeltin 
solidated at Anaconda. mp § was all con- 
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ANACONDA REDUCTION WORKS 


In 1902, the management of the Anaconda Copper Mining Co., at 
that time a subsidiary of the Amalgamated Copper Co., which had been 
formed to take over some of the copper mines and smelting plants of 
Butte, decided to abandon the works to the north of the city of Anaconda 
and consolidate smelting operations in a new plant which had been 
constructed on the south side of the valley. This plant, designed and 
built by Frank Klepetko and C. H. Repath, became known as the Ana- 
conda Reduction Works and was enlarged from time to time until 


sane : Se ee 5 
Fig. 25.—STIRLING BOILER ON No. 1 FuRNACE, 1904. 


ultimately it treated all of the ores produced in the Butte district, 
with the consequent cessation of copper smelting at Butte and 
Great Falls. 

The reverberatory smelting department of this plant as originally 
constructed contained fourteen 20 by 50-ft. furnaces equipped with under- 
grate forced blast. At first there were no waste-heat boilers, but by the 
end of 1902 all except No. 5 had been provided with one boiler to each 
furnace. There were two buildings, one with six and the other with 
eight furnaces arranged in two rows, with the fireboxes on opposite sides 
of a central aisle running lengthwise of the building and at right angles to 
the longitudinal axes of the furnaces. Overhead charge tracks entered 
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each building through the south side and each track passed lengthwise 


over two furnaces. It was this arrangement that made the subse- 
quent construction of the long furnaces a relatively simple and 
inexpensive matter. 
The gases passed through the boilers into header flues which served 
three and four furnaces, respectively, and led to a brick-lined steel stack, 
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Fig. 26. —First ATTEMPT TO RECOVER WASTE HEAT FROM REVERBERATORY-FURNACE 
GASES BY MEANS OF A BOILER. ‘THIS CONSTRUCTION WAS NOT SUCCESSFUL. 


20 ft. in diameter by 200 ft. high erected between the two buildings. 
Later a comprehensive flue and dust chamber system was constructed 
to handle the gases from all of the various departments of the works and 
the reverberatory stack was bypassed and dismantled. Coal and charge 
were brought in cars on the overhead tracks and dropped, as needed, 
from hoppers situated over the fireboxes and furnaces. Ashes and slag 
were sluiced away by water, the main launders discharging both at a 
substantial elevation above the valley floor, so that rehandling did not 


ia 
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become necessary for many years. The matte was tapped through holes 
in the side walls into ladle cars running on tracks at a lower level and 
delivered molten to the converters. Track scales were located at con- 
venient points so that everything entering and leaving the furnaces 
except ashes and slag could be weighed. 
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SECTION E-E 


SECTION A-B-C-D 
Fic. 27.—WASTE-HEAT BOILER ON No. 7 REVERBERATORY AT LOWER Works, ANA- 
conpbA, ABouT 1900. 


This was the first successful attempt to generate steam from the gases leaving a 
copper-matting furnace. 


The performance of these furnaces when forced blast was used was 
erratic and unsatisfactory. Table 5, compiled from some of the early 
records, compares two six-months periods, during one of which forced 
under-grate blast was used and during the other natural draft was used. 


After the furnaces were put on natural draft, both better and more uni- 
form results were obtained. 
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TaBLE 5.—Comparison between Forced and Natural Draft on 50-ft. 
Furnaces, Anaconda Works 


6 Months, 1902, 
July to December, 
Forced Blast 


6 Months, 1903, 
January to June, 
Natural Draft 


Furnace days operated..................... 2310 1867 
Materials smelted, tons: 
Ns O13, GCS YES Preteaees Blea tacicuctieeeen ae es ee 213,617 217,721 
2 gi ee ol 9,329 12,751 
INISCCHEICOUS aoe hee, Sertich cs Scie 4 337 228 
Total... aetaceene Chaar eee Ges. 223,286 230,701 
Coabburmeds tous’. ee eee 96,905 82,804 
Charge per furnace day, tons............... 96.75 123.56 
Charge per ton’of coal, tons. ...........5... 2.31 2.79 


ANALYSES OF MATERIALS TREATED AND PRODUCED DURING TuIs PERIOD, PER CENT 


Material | Copper | SiO2 | FeO | CaO | Ss 
Ralcmesr. fee Mets ete 10.2 35.0 40.1 1.0 7.80 
Rimetrock.). 3.086 22a. fsa 0.9 48.6 
Ned EE a oi gach ty gee Sg Soa ena 0.50 40.4 44.8 Sel 
IMatiews . eer ne. 46.0 31.4 23.3 


The coal contained approximately: 6.0 per cent moisture, 38.0 per cent volatile, 
47.0 per cent fixed carbon, 10.0 per cent ash, and 11,000 B.t.u. wet or 12,000 dry. 


DEVELOPMENT OF LonG FURNACES 


In the latter part of 1903 it was decided to try the effect of lengthening 
one of the furnaces to 60 ft. This furnace did so well that another one 
was lengthened to 85 ft. The results being again satisfactory, other 
furnaces were lengthened to 102 ft., 112 ft., and 116 ft., respectively. 
At the same time each of the long furnaces was equipped with two boilers 
arranged in tandem. This work was practically all done during the 
years of 1904 to 1906, inclusive. I cannot do better than to quote from 
a paper by E. P. Mathewson and William Wraith. Table 6 shows the 
results obtained for furnaces of various lengths, over periods ranging - 
from seven months to four years. 

During January of 1905 a heat balance covering about four days 
(101 hr.) was made on the 102-ft. furnace, which during the test period 
averaged 272 tons of charge per 24 hr. with a ratio of 4.37 tons per ton 
of coal, per ton of charge. The charge assayed 9 per cent Cu, 31.3 per 
cent Fe, 2.9 per cent CaO, 8.1 per cent S and 26.1 per cent SiO». Table 
7 shows a summary of heat distribution. 

This test shows that 21.18 per cent of the total heat entering the 
furnace was usefully absorbed in smelting the charge. No allowance 


_ Hearth Areas of a Poi 
Furnaces, Ft. Tonnage per 24 Ho 


19x 50 121.74 


2.75 orlyear 
19 x 60 190.7 3.94 For 7 months ~ 
19 X 85 234.1 4.13 For 7 months — 
19 x 102 264.9 4.31 For 4 years — 
* 19. 102 267.1 4.30 For 4 years © 
19 X 116 270.1 4.19 For 4 years 


Copper ASSAYS OF SLAGS FROM THE DIFFERENT FURNACES 


Furnace No. aoe ce Period Covered by Record -| Per Cent Cu 
1 50 Sept., 1903—March, 1904 0.50 
6 60 March-Sept., 1904 0.44 
1 85 May-—Dec., 1904 0.42 
il 102 Jan., 1906—May, 1911 0.39 
4 112 July, 1906-—May, 1911 7 0.38 
1 116 Jan., 1906—May, 1911 0.36 


ANALYSIS OF MatTEerRIALs ENTERING AND LEAVING FURNACE 


Charge Slag Matte 

Copper percent... wieieseeertoies 9.31 0.39 41.7 
Silver, (07. Pen OD ae. aehtat erin ete 6.43 0.19 28.4 
Gold; oz. per tonie.461 eee 0.028 0.0006 0.130 
SiO, per Cente saat eee ee 28.6 39.7 0.3 
Fes Mny per Cent... eerie 26.5 32.8 26.5 
GaOF percent Savio Pine cree ee 3.5 4.6 

Sper combs ice iAiee chain eee 7.3 0.9 25.8 
Al,O,;*pericent:* 76 Aid eee ae 5.2 7.0 Nil 


Typical Diamondville coal was used, having the following analysis: 6.13 per cent 
moisture, 36.28 per cent volatile matter, 45.22 per cent fixed carbon, 12.17 per cent 
ash, 11,710 B.t.u. wet, 12,390 B.t.u. dry. 


was made for heat absorbed or evolved in breaking up components of 
the charge and recombining them to form slag and matte, as it was 
not known whether the net result would be endothermic or exothermic 
but it was thought that the quantity of heat involved in either case was 
small. The fact that the calcine contains 5.08 per cent of the heat 
debited to the furnace and that only 18.92 per cent appear in slag and 
matte indicates that 26.8 per cent more coal would have been required 
if the calcine had been cooled to atmospheric temperature before charging. 
The benefit from charging hot calcine was obviously greater still in the 
preceding furnaces, which smelted only about 24 tons of charge per ton 
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of coal. In these furnaces the usefully applied heat was only about 


12 per cent of the total and with so low a smelting efficiency the fuel 


required to smelt cold charge would have been increased by 42 per cent. 


TaBLe 7.—Summary of Heat Distribution in 102-ft. Furnace 
101 HR. In January, 1905 


Le 
Debit B.t.u. Total Debited 
Heat 
Net calorific value of coal consumed*.............. 5,520,200,000 94.92 
Heat in calcine and flue dust......0.....:...0+... 295,500,000 5.08 
5,815,700,000 100.00 
Credit 
Plescrines lage eect ies, | en eee 915,400,000 HSS 5) 
eaten MACE... cde goatee oe ce ee se ae 184,700,000 3.18 
Heat used to decompose limestone................ 131,000,000 2.26 
iHeatlostby Lamiawons... +... 2s. waite ome eee. 674,900,000 11555) 
Heat in air for cooling bridge plate............... 9,020,000 0.16 
Heat in droppings from grate..................... 45,330,000 0.78 
HeatzabsorbedsoysbOulers; oa fom: kee os ss Dee 1,908,380,000 32.81 
jieat in esrapmewaseticutk ioe. ops stlae Ub oe eo 766,800,000 13.18 
Accounted portent. .... ECE Oe ks AME bore 4,667,530,000 79.66 


* The partly burned coal lost through the grates had a heat value of 766,800,000 
B.t.u., or 12.2 per cent of the total, and is not included. 


In general the method of operating these long furnaces was much the 
same as the method of operating the shorter furnaces which they dis- 
placed. The bottom was built up of sand and smelted in as usual, 
although the custom of smelting it in two layers was given up. On 
account of the size of the furnaces and the tendency to cut down on the 
number of doors, it became necessary to form the hearth once and for 
all and then smelt it in and season it with small charges of matte and 
slag, after which normal smelting commenced. The quantity of matte 
on the hearth was about 150 tons. It was soon found that all of the 
charge could be dropped near the bridge wall and that enough of it 
floated on the bath to the front of the furnace to take up the heat. The 


weight of a charge was 15 tons, of which 10 tons was dropped from a 


hopper nearest the bridge wall and the remainder from a hopper a little 
farther down. Fettling was done in the old manner once a month. 
The quartz, which contained over 99 per cent SiOz, was crushed through 
a 3é-in. screen and was thrown against the corroded areas, which were 
chiefly along the bridge wall and for a distance of 30 ft. or so down 
the side walls. 
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OF 1903, SHOWING WASTE-HEAT 


Fig, 28.—ANAcoNDA 50-FT, REVERBERATORY FURNACE 


BOILERS AND FLUE CONNECTIONS. 
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When the furnaces were lengthened, the fireboxes were enlarged 
from 6 by 10 or 14 ft. to 7 by 16 ft., or an increase in area from 60 or 
84 sq. ft. to 112 sq. ft. The relation between the firebox and hearth 
areas, therefore, remains substantially unchanged, but in the case of. 
the long furnace the heat is more effectively applied and much more 
intense heat development is obtained in the smelting region. The long 
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SECTION A-A’ 
Fia. 28.—(Continued). 


furnaces may be looked upon as consisting of: (1) a smelting zone extend- 
ing about 50 ft. from the firebox, in which more than 80 per cent of the 
smelting was done, and (2) a zone for absorption of heat from the partially 
spent gases, in which the remainder of the smelting was done, and in 
which separation of matte from slag took place. In the settling area 
near the front, which was kept hot by the spent gases on their way out 
of the furnace, very little smelting went on and the remaining matte 
particles had an excellent chance to settle out of the slag. 

This division of the functions of the furnace made for more nearly 
continuous operation than was previously possible. Charging was done 
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next four hours. Only once a month, when the furnace had to be emptied 
of its matte to permit of fettling, was “skimming” done in the old sense 
of removing all of the slag from the matte. 

The labor required for operating one of the long furnaces was prac- 
tically the same as for a 50-ft. furnace, and since the long furnace smelted 
more than twice as much per day, there was a considerable saving in 
labor costs. Repairs were kept down by constructing the roof of 20-in. 
silica bricks over the smelting region. This part of the roof lasted about 


Fie. 30.—First 100-rt. REVERBERATORY FURNACE, WASHOE SMELTHR, ANACONDA, 
Juiy 25, 1904, ssowine No. 1 FURNACE FROM FRONT. 


nine months, the rest of the furnace about five years, the bottom prac- 
tically indefinitely. Coal dropping through the grates was saved in 
jigs and the small pieces of coke were used in the blast furnaces as fuel 
with moderate success. Grating was done twice a shift and resulted 
in the loss of much of the fuel bed in the firebox and a great deal of the 
heat in the furnace. It was this that made the maintenance of the matte 
and slag pool so important, as the heat accumulated in the molten 
bath quickly restored normal conditions once the fresh coal started 


burning again. 
OIL-FIRED FURNACES 


The results obtained at Anaconda with the long furnaces attracted 
immediate attention throughout the smelting districts of the West and 
similar furnaces were constructed in Utah, Arizona, Nevada and at 
Cananea, Mexico. Most of these furnaces used oil for fuel. In the 
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Cananea furnace coal dust was first tried with indifferent success, 


after which oil was substituted. The results obtained with oil were, 


as might have been expected, much better than with run-of-mine coal 
burned in fireboxes and suggested that similar results might be obtained 
by the use of pulverized coal. Three hundred tons per furnace day was 
about as much as could be smelted under the best conditions, ina furnace 
heated with run-of-mine coal burned in a firebox, as it was impossible 
to obtain a temperature of much more than about 2400° F. in the smelting 
zone. The rate of smelting is determined by the difference between the 
temperature at which the charge fuses (which may be estimated at, say, 
2200° F.) and the temperature in the smelting chamber. This difference 
in a grate-fired furnace, therefore, is only 200°, whereas with oil or coal 
dust a differential of 300° or 400° can easily be maintained, besides which 
the time and heat losses resulting from periodical grating are eliminated. 

Oil-burning furnaces smelted regularly between 500 and 600 tons of 
charge per furnace day with about two-thirds of a barrel of oil per ton 
of charge. This corresponds to 3,600,000 B.t.u. per ton of charge as 
compared with 5,600,000 B.t.u. when using coarse coal at Anaconda. 
It was apparent that much better efficiencies might be expected from 
the use of pulverized fuel, but after the abandonment of pulverized 
coal at Cananea it remained for David H. Brown, metallurgist for the 
Canadian Copper Co. at Copper Cliff, Ontario, to demonstrate that it 
could be applied successfully. The abandonment of coal-dust firing 
at Cananea was due primarily to the fact that oil became available at 
low cost, but it appears also that there was some difficulty with coal 
dust because the grinding had not been adequate. The pulverizers used 
failed to grind all of the coal sufficiently fine, with the result that coarse 
particles settled out on the slag bath and formed what was referred to 
as an ‘“‘ash or coke blanket,” which tended to slow up smelting and gave 
trouble during skimming. 


CoaL-pust FrRinG 


About the middle of 1913, an investigation was made of the furnaces 
at Copper Cliff, as a result of which No. 8 reverberatory at Anaconda 
was altered to burn pulverized coal. Details relative to the grinding 
plant are given in a paper by L. V. Bender and it will suffice to say 
that Raymond mills with air separators were used and no trouble of any 
kind was caused by the settling of coarse particles on the bath. In 
remodeling this furnace, the firebox was included as part of the smelting 
chamber and the opening into the flue and the dimensions of the “verb” 
were greatly enlarged in order to allow for the much larger volume of 
hot gases to be generated in the furnace. 

In the “‘grate-fired” furnace, it was necessary to have the roof slope 
rather steeply toward the skimming plate in order to bring the gases into 
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anes 


Fig. 33.—CoaL-DUST BURNERS AND BACK OF REVERBERATORY FURNACE No. 5 at 
ANACONDA. 


Fe 


Fig. 34.—FLUE AND VERB OF REVERBERATORY No. 6, Marcu 18, 1915. THis was 
ONE OF THE FIRST FURNACES RECONSTRUCTED TO BURN COAL DUST. 
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closer contact with the slag and keep it from freezing in the ‘‘skimming 
bay.” In these furnaces the rate at which heat could be developed in 
the firebox was limited by the available draft and by the resistance 
offered by the coal bed, and generally there was not much margin. 
Consequently attention had to be paid to utilizing as effectively as pos- 
sible the heat remaining in the gases at the front of the furnace. The 
slope of the roof and the drawing in of the walls were for the purpose of 
increasing the velocity of the gases, compensating for their contraction, 
due to cooling, and bringing them in closer contact with the bath. With 
coal dust so much heat could be developed that there was no longer any 


Fic. 35.—REVERBERATORY AND COAL-PULVERIZING PLANT, ANACONDA REDUCTION 
Works, 1917. 


difficulty in keeping the front of the furnace hot but plenty of area had 
to be allowed to permit the gases to escape into the flue. Otherwise no 
draft could be maintained at the firing end of the furnace and an adequate 
volume of secondary air could not be drawn in. 

At Copper Cliff, the practice had been adopted of dropping most of 
the charge along the side walls of the furnace, thus protecting these walls 
to some extent from the flames and slag. No. 8 furnace was equipped 
with hoppers along the side walls so that this method of charging could 
be used. It was successful but the bath, which had been considered so 
necessary in previous practice, quickly froze up as the charge crowded 
toward the center line of the furnace. There was much speculation at 
the time as to whether better results might have been obtained by staying 
with the old methods of charging and maintaining a pool of matte and 
slag throughout the length of the furnace but it was not until years 
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fuel, as compared with coarse coal burned on grates, make the deep 


of heat and the high temperatures obtainable with coal dust or similar 
bath unnecessary. 


No. 8 furnace was about 20 ft. wide inside i 124 ft. long. The: 1 


’ and side charging and at the same time were enlarged to a width of about 


21 ft. and a length of 143 ft. Several years later, they were widened to 
22 and 23 ft. and shortened to 134 ft., for structural reasons. Figures 


for width are variable, because these dimensions are inside and depend 
on the thickness of the walls. After some experience with the furnaces, 
charging thimbles and skimming plates were water-cooled. Matte was 
tapped at the front instead of at the side, as the side tap-holes were 
difficult to keep open when side-charging. 

Table 8 compares the work of No. 7 grate-fired, and No. 8 coal-dust 
fired, operating side by side, the former on the old system, the latter 
on the new; also the performance of No. 7 furnace after being enlarged 
and fired with coal dust. 


TABLE 8.—Comparison of Grate Firing and Coal-dust Firing 


F Di ‘ona, Total T Tons per | Charge per | Length of TDataor 
No. | > Heke ae Bmelted fe. muace 9) | Ton Coal, of am pateta ie aay 
if 19 X 112 75,129 242 3.812 310 May 5, 1914 
8 20 X 124 116,823 465 6.19 251 July 1, 1914 
u 21 X 1438 71,962 579 6.49 124 July 8, 1916 


2 The performance of the furnaces had fallen off from earlier years owing to an 


increasing percentage of fines in run-of-mine coal from the company’s mines at 
Diamondville. 


A heat balance based on average results for the six months ending 
June 30, 1920, is given in Table9. The percentage of total input usefully 
applied (i.e., sum of heat units in slag, matte and limestone) is 27.3 
per cent, and this may be called the smelting efficiency of the furnace. 
The test made in 1905 gave a corresponding figure for the grate-fired 
furnace of that date of 21.2 per cent. The fuel ratio at that time was 
4.37 to 1 as compared with 6.27 to 1 for the first half of 1920, using coal 
of substantially the same fuel value in both instances. These figures 
appear to indicate a smelting efficiency of 30.4 per cent for the coal-dust 
furnaces. In the 1905 calculations, however, the heat value of the carbon 
in the coal and clinker which dropped through the grates, and which had 
been determined at 12.2 per cent of all coal charged into the firebox, 
was deducted from the total heat value of coal charged. Making allow- 
ance for this, the true fuel ratio becomes 4.98 to 1, and from this we 
deduce a smelting efficiency, for the coal-dust furaieds of 26.7 per cent, 
which checks very well with the later results. In making this pallolitis 


for a distance of about 94 ft. from the burners was horizontal and at the 
center line of the arch was 8 ft. 6 in. above the floor line. At the front the — 
roof sloped to a height at the verb of 7 ft. 2 in. This furnace wasso _ 
successful that the remaining seven furnaces were rebuilt to use coal-dust 
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tion the same heat values for slag and matte were used as for the earlier 


calculation in order that they might be comparable. The values used 
were 579 B.t.u. per pound for molten slag and 375 for molten matte. 


TasLE 9.—Heat Balance Based on Average Results 
For Six Months Ending June 30, 1920 


B.t.u. per puumace Per Cent 
Input 
Rosle parm cate Shae Orn hau 1,827,676,000 94.63 
IsIcon hk eee ot a a a’ ah St 103,680,000 5.37 
‘I RLOSIASU sys '5hs Sete nea ee a am 1,931,356,000 100.00 
Output 
Sia, aed ee, needs PIE Te Fie ATU RA, Pika ee 335,820,000 17.40 
IVE AC sick 3 Bee Re a ne wens 96,000,000 4.97 
Limestone (decomposition).................6.5: 96,567,800 4.99 
RIUINRo +, 4 Abe eae. eee ea eee 579,406,800 30.00 
NV SESUCHE AGES See sere ca, Maat Wee eRe se ee eee 347,644,100 17.94 
Radiation, conduction and other losses.......... 475,917,300 24.70 
eater eepy pea) Breas es Foner UY, SS h SCA 1,941,356,000 100.00 


In addition to the considerable improvement in smelting results 
obtained when using Diamondville coal, pulverizing enabled inferior coals 
to be used and this led to the adoption of the system at Great Falls, where 
Lochray and Belt coals were the only ones that could be had at a reason- 
able price. These coals could not be used economically on grates because 
it was impossible to develop a high enough temperature. Demond! 
gives the results of tests using Bear Creek coal. With natural draft, 
about 190 tons of charge were smelted per furnace day with a fuel ratio 


Tas.Le 10.—Results with Pulverized Low-grade Coal 


Tons Tons 1 ; 
1 Smelted Smelted B.t.u. in | Moisture Ash in B.t.u. per 
Coa per Fur- per Ton | Wet Coal | in Coal Coal Ton Charge 


nace Day Coal 


TOG WTA ei ge ates aiigec a 409.4 5.38 9,730 8.0 20.9 | 3,620,000 
ISefien Cig ote) Keep Aime aRers sake 406.7 5.57 10,580 30 12.7 | 3,800,000 
Diamondville.......... 475.8 7.24 12,470 5.6 8.1 | 3,450,000 


of about 2.2 to 1; with forced draft (under-grate blast) about 225 tons 
with a fuel ratio of about 2.7 to 1. In a test using Belt coal the furnace 
froze up, although coal was being burned at the rate of 98 tons per day. 


10, D. Demond: Economy and Efficiency in Reverberatory Smelting. Trans. 
A.I.M.E. (1914) 49, 735. 
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coals but they did an amount of smelting that was very nearly propor- 
tional to their heat values, as is well shown in Table 10. The small 


differences in the heat units required can be accounted for by differences | 


in the moisture and ash contents of the coals. An oil-fired furnace at 
McGill operating on a similar charge used about 3,600,000 B.t.u. per ton 
of charge, thus indicating about the same efficiency for coal dust as for oil. 

While a larger percentage of the developed heat is usefully applied 
for smelting in pulverized-fuel furnaces than in grate-fired furnaces, the 
amount of steam generated in the waste-heat boilers is also greater, being 
about 650 boiler-hp. for No. 8 furnace after remodeling, as compared with 
about 500 boiler-hp. under the old system. The coal ash gave some 
trouble in the boilers but was kept under control by somewhat more 
frequent blowing of the tubes and cleaning out of ashes and clinker which 
settled in the space beneath. 

When these furnaces were being operated on the old type of calcine, 
which contained only about 10 per cent copper, slag was made so rapidly 
that periodical skimming was no longer necessary and a steady stream 
ran from the furnace just as from the settler of a blast furnace. Thus 
the ideal of continuous operation in reverberatory practice was attained 
and the furnaces operated for months at a stretch without any attention 
except to see that they had an abundance of charge to work on and that 
the matte level did not get too high. 


IMPROVED TREATMENT OF SLAG 


When the World War came to an end the blast furnaces at Anaconda 
were shut down. The flotation process and the improvements in 


reverberatory smelting combined to render them obsolete. The ore . 


going to them had been siliceous and chilled converter slag was required 
for fluxing. With the blast furnaces down, two methods of treating the 
converter slag were investigated; one being the standard method of 
distributing it among the reverberatories, the other subjecting the slag 
to special treatment in a single furnace. The latter plan was adopted 
because the reverberatory furnaces at Anaconda are in a building some 
distance from the converters and at a higher level, and by erecting a 
furnace in one end of the converter plant much handling and transporta- 
tion of molten slag, with consequent skull formation, was avoided. 
Recently conditions have changed again, so that the slag is now being 
distributed to the regular furnaces. 

The performance of this furnace is described in a paper by Frederick 
Laist and H. J. Maguire.* The total treatment was about 1000 tons 
per day, of which 55 per cent was molten converter slag containing 4 per 


 F. Laist and H. J. Maguire: Reverberatory Furnace for Treating Converter Slag 
at Anaconda. Trans. A.I.M.E. (1920) 64, 585. 


oe 
With the pulverized-coal system it not only became possible to use these 
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cent copper and 45 per cent was solid charge. The effluent slag assayed 


34.1 per cent SiOz, 53.3 per cent FeO, 1.7 per cent CaO and 0.55 per cent 


Cu. The matte contained 40 per cent copper. The total materials 


_charged per ton of coal burned were 11.1 tons. The tons of solid charge 


smelted per ton of coal were 6.18. The precipitation of the copper from 


_ the converter slag was accomplished by the addition of concentrates 


high in sulfur. At the same time siliceous ore was banked along the side 
walls, so that the highly ferruginous converter slag would have ample 
opportunity to pick up silica on its way to the outlet, from which it 
flowed in a continuous stream at the rate of 800 tons per day. In order 
to give more time for contact, the furnace was made 153 ft. long— 


probably the longest reverberatory that has ever been built. 


VALUE OF SIDE CHARGING 


About 1924 the copper-smelting companies were confronted with 
serious litigation involving the right to use the method of side charging. 
It is outside the scope of this paper to discuss the merits of the Carson 
case or of the decision which was finally rendered, but certain investiga- 
tions that were made while the case was being tried are interesting in 
that they settled certain controversial points bearing on the mode of 
operating reverberatory furnaces. Assuming that the validity of the 
patent might be established, it was obviously desirable to determine in 
advance what the probable value might be of side charging as compared 
with charging in the old way. At first it was thought that the question 
involved was merely side charging versus center charging, or heaping 
the charge against the side walls versus piling it up away from the side 
walls. Company’s Counsel, however, took the position that it might be 
necessary to go further back than that and actually reestablish conditions 
as they had been prior to the adoption of side charging and coal-dust 
firing, with the exception that coal dust would continue to be used for 
heating. In other words, the practice of the old grate-fired furnaces, 
with their deep baths extending throughout the length of the furnaces, 
was to be reestablished: 

No. 7 reverberatory was chosen for this purpose, was equipped with 
hoppers for center charging and with side doors for fettling. ‘Two other 
furnaces, Nos. 5 and 6, were also equipped for center charging but were 
operated without the continuous deep bath. No. 5 had water-cooled 
side walls while No. 6 had extra thick brick walls. As a comparative 
furnace, No. 4 was chosen and operated as a normal side-charged furnace. 
This work was not directly connected with the trial and was done purely 
for the purpose of ascertaining the facts; which, it may be stated here, 
were never used. It was realized that a short test would not be suffi- 
ciently accurate and that to even out irregularities comparative records 
should be kept for about a year. The same kind of material obviously 
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had to be fed to all of the furnaces and it was necessary to maintain not 
only like chemical composition but like proportions of hot and cold, coarse 
and fine, etc., and to see that all of the furnaces were kept amply supplied 
with charge at all times. It was also important to ascertain the amount 
of dust leaving each furnace, the slag losses, repair costs, operating cost, 
etc. Careful accounts of all these were kept and it may be said that 
very little difference in any of these factors was found. The advantage 
of the side-charged furnace lies mainly in the fact that it operates with 


= E : ¥ eae 2 Ee RR SE tatiy Se, : se 
Fic. 37.—INTERIOR OF REVERBERATORY FURNACE No. 7 LOOKING TOWARD TAPPING 
END. 


less attention on a greater variety of feed, is more easily kept in condition 
and, because it contains no large body of matte and slag, is safer. This, 
however, is not a peculiarity of the side-charged furnace, as is shown by 
Nos. 5 and 6, which also contained no matte pool in the smelting zone. 
Table 11 shows the results, which are remarkably alike and appear to 
demonstrate that it makes no material difference how a reverberatory 
furnace is charged or whether it operates with or without a pool of matte. 
The important thing is to maintain a constant evolution of heat and keep 
plenty of unsmelted charge in the furnace so that the flames and hot 
gases shall at all times have something to work on. These findings are 
at variance with the opinions held by smeltermen when the deep bath 
was considered so essential to good work (prior to 1913) and also with 
statements made when side charging first came into general use (about 


a 
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1915), when the opinion was prevalent that side charging increased 


furnace capacity. An inspection of the figures in Table 11 shows 
that neither of these views was correct. Methods A, B, C and D were 
as follows: , 


TaBLE 11.—Comparison between Side and Center Charging and Dry 
Hearth versus Deep Bath 


Mode of F T Tons per Tons Copper in | Dimensions 
Operation Days” | Smelted | Furnace eur ala a gas 
A 485 262,483 542 6.72 0.35 22 X 133 
B 454 249,801 550 6.79 0.35 23 X 183 
C 445 ~230,702 533 6.70 0.36 23 X 133 
D 364 200,855 552 6.88 0.32 23 X 133 


A.—This furnace, No. 4, was side-charged and operated in the regular 
manner with the so-called “dry hearth”; that is to say, a plateau of 
infusible accretions, chiefly magnetite, in the smelting zone, on which 
were shallow pools of matte and slag which overflowed into a fairly 
deep pool where settlement took place, and which occupied the front of 
the furnace for about 50 ft. back from the skimming plate. The pool 
contained about 50 tons of matte. The elevation of the plateau was by 
measurement several inches above the skimming-plate level, which 
makes it evident that no bath in the previously accepted sense of the 
word existed in the smelting region of this furnace. 

B.—Furnace No. 5 was “‘center-charged”’; that is to say, the charge 
was dropped on to the “dry hearth” from two rows of hoppers, which 
were nearer to the center line of the furnace than to the walls. There 
was no banking whatever of charge against the walls and these were kept 
from corroding through by water-cooled cast-iron plates set into the 
brickwork, which was thus protected from slag for a vertical height of 
about 2 ft. The charge was piled up on the hearth, which was kept in 
very much the same physical condition as the hearth in the side-charged 
furnace. In other words, hearth conditions in No. 5 were much the same 
as in No. 4 but the charge was piled in a double row down the middle 
instead of against the walls. 

C.—This was No. 6 furnace, ‘‘center-charged”’ and ‘“‘dry hearth.” 
It was operated exactly like No. 5 but the walls were not water-cooled. 
Instead, the brickwork was made very thick where it-was apt: to come in 
contact with slag, the idea being to have enough thickness of brick to 
last out a campaign of about seven months. This, of course, reduced 
the width of the furnace at the slag line considerably (to 19 ft.), and may 
account for the fact that this furnace smelted at a somewhat slower rate 
than the others. However, the performance of the furnace was impaired 


less than might have been expected. 
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Fig. 38.—INTERIOR LONGITUDINAL VIEW OF SIDE-CHARGED REVERBERATORY OF ABOUT 1925. 
Shows ‘‘dry hearth” and diminutive matte and slag pool at front end. 


D.—No. 7 furnace was run in the old 


style with a deep bath carefully main- 
tained throughout the length of the furnace 
at a depth of about 2 ft. Charges were 
dropped at intervals of about 14 hr. in 
the smelting region, as was done during 
the days of grate firing. The more rapid 
smelting rate, of course, necessitated more 
frequent charging, since the quantity of 
charge dropped at one time remained about 
the same; viz., 10 to 15 tons. Smaller 
weights of charge were tried but seemed 
to make little if any difference. The 
walls were protected from corrosion by fine 
siliceous copper ore and coarse copper-bear- 
ing tailings from the Old Works, which 
were shoveled through openings cut for the 
purpose through the side walls and ordi- 
narily kept closed by counter-weighted 
silica-slab doors. The furnace held about 
200 tons of matte and may have been 
favored slightly by being fed somewhat 
less than its share of coarse material which 
had a tendency to sink to the bottom of 
the bath and stay there. However, it 
may be said that the composition of the 
charge to all four furnaces was sub- 
stantially the same and that considerable 
care was taken to keep it so throughout 
the prolonged period of the test. 

The figures in this tabulation speak 
for themselves. The tests extended over 
so long a time and are based on the smelting 
of so much material that there is every 
reason to believe that the results are 
essentially correct. They certainly indi- 
cate that the performance of a reverber- 
atory is very slightly influenced by the 
mode of charging or the character or 
condition of the material on the hearth. 
What little difference there is in favor of 
the center-charged bath furnace may be 
explained by the slightly smaller percentage 
of cold coarse material in the charge and 
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Fig. 39.._CROSS-SECTION SHOWING ‘‘DRY HEARTH’? AND CHARGE PILES RESTING ON 
SOLID ‘‘MAGNETITE”’ HRARTH. 
Fig. 40.—CRoss-SECTION OF CENTER-CHARGED, ‘‘DRY HEARTH” SHOWING CHARGE 
RESTING ON SOLID ‘‘MAGNETITE”’ HEARTH. 
Fig. 41.—CRoss-SECTION OF CENTER-CHARGED, “‘DEEP-BATH’’ FURNACE, SHOWING 
CHARGE FLOATING ON MOLTEN SLAG AND MATTE BATH. 
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the correspondingly larger percentage of hot calcine. The most nota 
difference here is the lower copper content of the slag, which was rath 


expected, but its value is scarcely sufficient to offset the greater operat- — 


ing difficulties and the hazard connected with holding so large a body 
of molten matte in the furnace. 

For several years, the Anaconda reverberatories were operated as 
center-charged, the cutting of the slag and the danger of matte 
“‘break-outs” being obviated by the use of water-cooled cast-iron plates 
get in the brickwork of the side walls throughout the length of the furnace. 
These proved so satisfactory that they were retained as standard equip- 
ment even after side charging was resumed. Side charging had never 
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Fig. 42.—Cross-secTion OF ANACONDA CENTER-CHARGED, WATER-COOLED REVER- 
BERATORY FURNACE OF 1928. 


more than partly protected the walls and break-outs occurred at more 
or less frequent intervals. The water-cooled plates practically stopped 
this dangerous nuisance and helped to keep the furnaces in shape. 


HANDLING A FINE CHARGE 


The character of the charge underwent a change about 1927, when 
selective concentration was adopted, and became very much finer and 
higher in copper. The calcines from these concentrates were very 
hard to handle, made tremendous clouds of dust when dropped into 
the hoppers and would not form satisfactory embankments against the 
walls. In order to mitigate the transfer nuisance, special hoppers were 
constructed with large outlet pipes so that the calcines flowed directly 
from the cars into the smelting chamber, the hoppers serving merely as 
funnels through which the furnace draft created a downward suction 
which drew most of the dust into the furnace, where it had a chance é 
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settle. The water-cooled plates protected the walls where the charge 


did not afford proper coverage. 


The so-called “wet-charging”’ practice has not come into use in 
Montana, for the following reasons. In the first place the concentrates 
now being made, although almost three times as high in copper as 
formerly, still produce a very low grade of matte when charged directly 
to the smelting furnaces. It is cheaper to eliminate the excess sulfur 
in the roasters and the iron in the reverberatories than to perform these 
operations in the converters. Secondly, the charging of wet cold material 
into the smelting furnaces results in an increase in fuel requirements 
which may be estimated roundly at 50 per cent. Calculations as well 
as experience bear out the correctness of this figure. Third, the handling 
of wet sticky flotation concentrates is no easy task under the best of 
conditions and becomes almost impossible in the winter, when the 
thermometer often stands at 10° below zero. 

These three penalties would be a heavy charge against the saving of 
some roasting expense and a little dusting. It is doubtful, moreover, 
whether the latter would be avoided, since arsenic, which is present in 
substantial percentage, would come off in the smelting furnace instead 
of in the roaster and must in either case be prevented from escaping into 
the air by treatment of the gases in Cottrells. Wet charging may be 
applied to good advantage where the concentrates are sufficiently 
high in copper to make a matte of acceptable grade and where they are 
free from contaminating volatile substances which must be kept out 
of the atmosphere. Obviously, where a new plant is under consideration, 
the possibility of simplifying the layout and saving the first cost of the 
roasters gives an added advantage to wet charging, which is lacking in 
an old plant that already has all such equipment and would probably 
have to spend some money to bypass it. 


CONTROLLING THE FURNACES 


At Anaconda, individual furnaces have at times smelted at the rate 
of 700 tons of solid charge per day, but no attempt has ever been made to 
push them to abnormal capacities, which it was contended could only 
be attained by shortening their life and thus adding to repair costs, 
Policy governing matters of that kind is often dictated by local conditions. 
At Anaconda, for example, there never has been a scarcity of furnaces; 
in fact, when selective flotation came into use, there was a superabun- 
dance of them. Hence the incentive was rather to carry on the most 
efficient all around operation giving due consideration to all of the 
factors that make up smelting costs, such as fuel ratio, copper content of 
slag, repairs to furnaces, etc. 

There was, and is, also another controlling factor; that is, the need 
for limiting arsenical emanations from the main stack. At Anaconda, 
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there is one set of main Cottrell treaters through which pass the gases 


from all departments including the reverberatories. The draft is con- 


trolled with a view to securing the best possible clearances and sometimes 


this results in something of a deficiency at the reverberatories. It 
is never possible to run the furnaces in the free and uncontrolled manner 
that prevails in many other plants. 

From early times, and particularly with the advent of the ‘dite 
furnaces, a great deal of attention was devoted to control of conditions 
governing combustion. In the grate-fired furnaces, the length of flame, 
its intensity and the composition of the exit gases were controlled by 
openings over the bridge wall, the size of which could be regulated. In 
the coal-dust fired furnaces, this regulation was accomplished by slides 
around the burners and by controlling the amount of air blown in with 
the coal or drawn in by the injector effect of the burner itself. 

Analyses of the furnace gases were frequently made and at times 
continuous gas-analysis apparatus took samples and reported results 
every 15 minutes. This refinement was, however, scarcely worth the 
trouble of keeping the apparatus in repair, which was considerable. 


The CO, content of the outgoing gases was kept around 18 or 19 percent ~ 


and CO at less than 1 per cent. The importance of intensifying the flame 
in the smelting zone has always been recognized but it is important 
that the front or skimming end of the furnace be kept hot as well. 


SMELTING wiTrH NATURAL GAS 


Early in September of 1931, natural gas from the fields in northern 
Montana was turned on at Anaconda and a few days later all smelting 
was being done with the new fuel. It was a success from the start and no 
serious difficulties were encountered. The furnaces were equipped with 
five so-called inspirator burners which are constructed and operate 
exactly like large Bunsen burners, air being drawn by the injector effect 
of the gas issuing from the nozzle, into the burner tube, through openings 
of which the size can be regulated. A regulator on each furnace reduces 
the 40-lb. line pressure to 20 lb. in the manifold preceding the burners. 
Separate 2-in. pipes lead from the gas manifold to each burner. Each 
burner has a separate control valve and pressure gage which makes it 
possible to operate all or part of the burners as conditions require. Each 
burner has a maximum capacity of 20,600 cu. ft. per hour, thus enabling 
2,470,000 cu. ft. per 24 hr. to be delivered to the furnace if desired. 

Natural gas has proved to be a very good fuel for reverberatory 
furnaces. It is clean, positive regulation is easily obtained, and the 
interior of the furnace is readily visible at all times. Thus charging is 
facilitated, as the operator can see where and when to charge without 
shutting off the gas. The wear on the roof is greatly lessened, thus 
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lengthening the campaigns and reducing repair costs. The performance 
of the furnaces with coal and gas is compared in Table 12. Periods 


Fig. 44.—Gas BURNERS ON REVERBERATORY FURNACE AT ANACONDA REDUCTION 
Works. 


compared are July 19 to Sept. 13, 1931, for coal and Sept. 28, to Nov. 
22, 1931, for gas. An interval of two weeks is allowed for adjustment. 
During these two periods, smelting conditions were quite comparable 


TaBLE 12.—Reverberatory-furnace Operations with Coal Dust and with 


Gas 
Tons Smelted per | Tons Smelted per | Hot Calcine in Charge, 
Furnace Day Ton, M Cu. Ft. Per Cent 
Week 

Coal Gas | Coal | Gas | Coal | Gas 
Lstieie.  Saeeee 551 541 6.51 0.265 50.5 46.8 
P20 ie es A Othe 565 579 6.35 0.291 54.7 50.8 
SCLe teen hen eee 576 592 6.48 0.3038 53.1 5bs2 
AL sAhcsisseaces MRO 582 631 6.28 0.297 48.5 55.0 
Hth seers 602 665 6.38 0.295 51.8 53.7 
Gt wae fee case 610 647 6.31 0.285 54.6 50.2 
Hgihale Ce SN eerie 597 643 6.16 0.284 50.5 49.7 
Sthicheesstcs See 609 605 5.322 0.258 48.2 47.3 
Average...... 587 613 6.35 0.284 51.5 ol. 1 


* Omitted from average on account of abnormal conditions. 
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and the furnaces treated molten converter _ 
‘slag to the extent of about 20 per cent ct 
of the solid charge. This is not included - y Pied 
in the tons of material smelted per furnace 7} 
day nor in tons smelted per million B.t.u. 
_ During August and September the 
average per pound of wet coal was 11,750 
B.t.u.; the average per cubic foot of gas 
during October and November was 1043 vet o2 
B.t.u. Hence there was required per ton G's 
of solid charge smelted: 
For 8 weeks, July 19 to Sept. 13, 
1931, using coal, 3,700,000 B.t.u. gross. 
For 8 weeks, Sept. 28 to Nov. 22, 
{ 1931, using gas, 3,680,000 B.t.u. gross. 
f This comparison indicates that, all 
j 
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SHUTTER: 
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Fic. 45.— BURNER FOR NATURAL GAs, 1931 To DATE. 


other conditions being equal, the quantity 
of material smelted per gross B.t.u. is 
q the same for coal and gas. These eight 
weeks before and after changing to gas + 


™ 


were selected because conditions were 
pretty much the same for both periods. 
The concentrates assayed about 25 per 
cent copper and the sulfur content of the 
charge was regulated to make a matte 
containing about 45 per cent copper. 
The variations in tonnage smelted from 
week to week are due not so much to 
furnace irregularities as to occasional 
shortages of material to be smelted, as 
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18 
the results were the average for the three 143 < 
furnaces in operation. 3 as Sf 
A calculation by F. F. Frick, research _} NES 38 
engineer at Anaconda, shows that the net “A \ iS 5 


B.t.u. in the coal were 96.6 per cent of ; 
the gross. The net B.t.u. in the gas were : 
91.3 per cent of the gross. For purposes 
of comparison in determining the relative 
effectiveness of different fuels, ‘‘net”’ - 
B.t.u. values should be used, because 
the latent heat of steam condensed in 
the calorimeter, which is included in the 
“oeross’”’ figures, is obviously not of use in 
the furnace. On the basisof ‘‘net’’ B.t.u., 
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the gas gave 5.8 per cent better results; that is, 5.8 per cent fewer heat 
units were required to smelt a ton of charge. 

A comparison between the first six months of 1931, when the furnaces 
were operating on coal, with the first six months of 1932, when they ran 
on gas, gives 3,469,000 gross B.t.u. per ton of solid charge for coal, or 
3,350,000 net; and 4,045,000 gross B.t.u. or 3,690,000 net, for gas. This 
represents 16.5 per cent more of gross or 10.7 per cent more of net B.t.u. 
for gas than for coal, but the difference is unquestionably due to variations 
in operating conditions which may be enumerated as follows: 

During the first half of 1931, no molten converter slag was charged. 
This was treated in a special furnace at the converter plant, whereas 
during the first half of 1932 molten slag in the amount of 20 per cent of 
the solid charge was treated. Furthermore, during the first half of 1931, 
hot calcine made up 75.9 per cent of the total charge, whereas for the 
corresponding half of 1932 it amounted to only 48.6 per cent. ‘‘Wet 
slag mix,” containing 4 to 5 per cent moisture, constituted 35.5 per cent 
of the charge in 1932, whereas cold converter slag and flotation con- 
centrates, the chief ingredients of this mixture, made up only 17 per cent 
in 1931. The evaporation of moisture and heating the steam and cold 
charge to the temperature of the furnace absorb a large amount of heat. 
As has been previously stated, a reverberatory operating on cold wet 
charge requires approximately 50 per cent more fuel per ton of charge 
than the same furnace operating on dry hot charge. 

A careful calculation by F. F. Frick reconciles the observed differences 
in B.t.u. required to smelt the ton of charge in the two periods as follows: 


PER CENT 
Difference due to molten slag and hot caleine................. 8.00 
Difference due to evaporation of water. ae xoggs i= ica 
Difference due to heating steam to peeps! jeunes Oe 1.20 
SD OLAL aeSevaisna do Minckt cuteruiste sens tt ee oa 11.10 
Necessary toxaccount for. : fons Chi. en eee 10.70 


It seems safe to conclude, therefore, that the smelting efficiency of 
gas is fully as great as that of coal when the comparison is on the basis 
of “net” B.t.u. and it is probable that it is greater. This conclusion is 
confirmed by results obtained at a plant in the Southwest when smelting 
a wet charge. Using oil, the gross heat units required were 5,376,000 
B.t.u. per ton of charge as compared with 5,628,000 B.t.u. for gas, or 
4.68 per cent more for gas. The theoretical difference between oil and 
gas due to water vapor is 4.28 per cent, which just about accounts for 
the observed difference in smelting efficiency between the two fuels. 
Other periods gave a balance of about 3 per cent in favor of gas, all 
of which bears out the results at Anaconda. 

These observations seem to establish pretty definitely that there 
is not much in the idea formerly generally held, that flame luminosity 
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is important in reverberatory smelting. Gas burns with a nonluminous 
flame to such an extent that one can see from one end of the furnace to 
the other while the gas is on. Coal gives the maximum of luminosity, 
partly because of its high carbon content and partly because of the ash 
particles, which become incandescent. And yet it is apparent from the 
foregoing that such differences as have been observed and which at first 
glance might appear to favor the luminosity idea can be fully explained 
in other ways. When allowance is made for differences in the character 


of the material being smelted, it is evident that the amount of smelting 


that was done per heat unit with the nonluminous gas flame was at 
least as great as with the highly luminous coal flame. 
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I have endeavored to trace the progress of reverberatory matte 
smelting in Montana through the course of half a century, during which 


- the capacity of the furnaces has been increased fiftyfold, the quantity of 


heat required to smelt a ton of charge has decreased to about one-third 
of what it was originally and the amount of necessary labor has been 
enormously reduced. These gratifying and rather marvelous achieve- 
ments bear witness to the patience, skill and genius of the smeltermen of 
Montana. In part they are undoubtedly the result of the free and open 
interchange of ideas between metallurgists throughout the land, which 
has been so characteristic of American practice. 


-Reverberatory Smelting of Raw Concentrates at the 
International Smelter, Miami, Arizona 


By P. D. I. Hongeyman,* Miami, Ariz. 


(New York Meeting, February, 1932) 


CHANGING trends in concentration, involving regrinding with the 
subsequent production of a finely divided, high-grade flotation product, 
presents a real problem to the modern copper smelter. In the treatment 
of such a material, handling difficulties are numerous and potential 
possible losses may be very great. In many plants, of course, preliminary 
roasting of the furnace charge remains an economical necessity. Under 
such circumstances, the operator has no alternative except to follow 
orthodox roaster reverberatory practice, though taking all possible 
precautions to avoid excessive dust losses and bad working conditions. 
In other plants, roasting is not only unnecessary but would be highly 
undesirable, and at best the charge would be merely dried before entering 
the reverberatory furnace. In the latter case the possibilities of raw 
charging loom large. 

The Miami plant of the International Smelting Co. handles the entire 
output of concentrates of the several mining companies operating in the 
Globe-Miami district. All of these companies produce a flotation con- 
centrate which, at the Miami Copper Co. particularly, is all reground and 
is high in grade. In addition, the Inspiration Copper Co. ships a sub- 
stantial tonnage of high-grade cement copper to the smelter from its 
leaching plant. 

Following the flow sheet of the original ‘plant, all such material 
received was bedded, dried in Wedge furnaces and smelted in reverbera- 
tory furnaces. At times during the history of the plant it has been 
necessary to carry the drying operation further, to a partial roast, before 
reverberatory smelting. Since the charge contained over 80 per cent 
flotation concentrates, the handling of which in a dried condition was at 
best a dusty job, unusual precautions were taken to cut down dust losses. 

The Wedge furnace plant was equipped with a Cottrell treater and 
all hoppers and calcine cars were carefully designed to cut down dust 
loss in transferring the so-called calcine from hoppers to car and from 
car to furnace. In the furnace itself the dusting problem was a severe 
one. Arch erosion was very rapid and flues and waste-heat boilers 
rapidly filled up with a partly smelted flue dust. 


* Superintendent, Miami Plant, International Smelting Co. 
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Wet CuHarce Intropucep at MIamt 


In 1927, following the success of feeding wet charge, as worked out by 
A. D. Wilkinson at Cananea, it was decided to try out wet charging at 
the International plant at Miami. Results were promising from the 
beginning, and the practice has been carried on and developed. 

At present the charge is made up of approximately 77 per cent of 
concentrates, 4 per cent cement copper, 7.5 per cent flux and 11.5 per 
cent plant secondaries. An average analysis of the charge is as follows: 
Cu, 33.27 per cent; SiO», 9.95; Al.Os, 2.70; Fe, 21.68; CaO, 0.53; S, 24.82. 
This charge has an average moisture content of about 11 per cent and on 
occasions is decidedly sticky to handle. 

It was, of course, evident that such a charge could not be handled in 
the usual calcine cars. The plant was fortunate in having available a 
surplus of regular concentrate cars which were impressed into the charge- 
car service. ‘These cars are of the bin type, having a removable bottom 
made up of 2 by 8-in. boards, and hold 60 tons. The former calcine cars 
are used as locomotives to handle them to the feed floor and the combina- 
tion works out very well. Enough cars are available so that all concen- 
trate unloading may be done on the day shift, leaving sufficient stored 
charge in cars to carry the furnace plant through the ensuing 16 hr. 
One man only is employed in switching and unloading charge cars to the 
furnace bins and it is possible for him to handle more than 200 wet tons 
per shift. 

Recently operations have been still further simplified by cutting out 
the bedding system, since it has been found practical to bed directly in the 
charge cars themselves. Concentrate cars to be unloaded are spotted 
as desired in the unloading pocket and unloaded on to a conveyor belt. 
Flux is fed to the same belt, the common stream discharging to the charge 
car, which is moved slowly back and forth for its entire length until it is 
filled up. The bedding bins merely act as surge bins to take up an 
unusual influx of tonnage over and above the operating rate of the plant. 


FurNAcE PLANT 


The reverberatory furnace plant consists of four furnaces of which at 
present only one is being operated. Three of these furnaces are 21 ft. 
wide, while the fourth, a larger furnace, is 25 ft. wide. All furnaces are 
120 ft. long. Hot gases discharge from the uptakes to a header flue and 
thence to the waste-heat boilers. 

As designed for calcine smelting, the furnaces were equipped with 
drag chain conveyors which dragged the calcine from bins located under 
the feed floor and discharged through various gate-controlled feed pipes 
to the furnace. When wet charging was first thought of it was decided to 
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utilize this same system, with certain necessary modifications, for the 
handling of this wet feed. Results obtained were more or less satis- 
factory, though it was soon evident that many mechanical changes would 
have to be made to assure satisfactory feeding. After due consideration, 
it was decided that perhaps better results in feeding could be obtained by 
making use of a belt conveyor and tripper car. One furnace accordingly 
was equipped in this manner and was started up. While many of the 
handling difficulties associated with the chain conveyor were overcome, 
the furnace did not do so well and a higher fuel ratio was obtained than 
in the chain-fed furnace. A study of reasons led to the belief that the 
discharge of a large, steady stream of charge from the belt through an 
individual charge hole tended to pack the charge pile and cut off the 
hole before sufficient charge had worked its way on to the surface of the 
bath. In contrast, the drag chain fed a thin stream through several 
holes simultaneously, a ‘‘trickle feed’? which flooded the bath and 
increased the size of the individual charges it was possible to put into the 
furnace at one time. 

The final conclusion was that a properly designed drag chain conveyor 
system was the best way to feed wet charge to the furnace. This system 
was thus adhered to in making subsequent furnace changes. Every 
effort was made to capitalize on early experience and all early difficulties 
encountered were studied in making such changes. 

Furnaces are now equipped with charge bins under the feed floor, 
which feed by way of a pan feeder to the drag chain conveyor. Regular 
controlled feed to the conveyor is essential to avoid overloading and 
choking down the drag chain. Charge pipes, 8-in. dia., are spaced at 
44-in. intervals and are gate-controlled from the charging runway. All 
charge holes are equipped with peepholes through which the condition 
of the charge within the furnace may be observed. It is necessary, also, 
for the charger to assist the flow of charge into the furnace by means of a 
short rod worked through this peephole. In order to cut down the 
amount of ‘drag over,” the conveyor is equipped with heavy scrapers 
which serve to keep the chain clean. Both chain and feeder motors are 
controlled by push buttons conveniently located along the charg- 
ing runways. 


CHARGING ROUTINE 


In charging, the charge car is spotted over the furnace bin and feeder 
and conveyor are both started up after all slides have been opened. 
Since the furnace is run on practically a balanced draft, there is not a 
great deal of cold air infiltration through these opened charge holes; in 
fact, generally there is a considerable back-pressure. Starting from the 
firing end, the operator feeds his charge into two or three holes at a time 
until such holes are filled up, when he passes along to the next series of 
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65 ft. down the furnace. ; nau 

Quite a detailed study was made to determine the most satisfactory 
charging routine. Many controversial questions were raised relative 
to the size and frequency of charges. Much experimental work was 
done and all methods, from continuous feeding of a small stream to very 
intermittent feeding of very large charges, were tried out. It was even- 
tually decided that best results were obtained by feeding comparatively 
large charges about six times per shift. The frequency and size of charges 
will depend to some extent, however, upon the nature of the charge. A 
deep molten bath is maintained between the two charge piles in the 
smelting zone and every effort is made to get as much charge as possible 
down to the surface of the bath. Failure to achieve this result invariably 
slows up the furnace. Very little trouble has been experienced from 
explosions as the wet charge enters the bath. Some shooting has taken 
place, particularly if the bath did not have a sufficient depth of molten 
slag on top of the matte. 

Frequently the furnace has been run at a rate of more than 600 wet 
tons per day, which means that charges often exceed 60,000 lb. in weight. 
Generally it takes from 20 to 30 min. to charge the furnace completely. 

Much assistance was obtained in working out charging problems by 
using a recording wattmeter which, when hooked in the feeder motor 
circuit, presented an accurate recorded diagram of charging throughout 
the 24 hours. 

As before mentioned, the average moisture content of the charge is 
about 11 to 12 per cent, though charges as high as 15 per cent moisture 
have been handled. As the moisture goes up, however, the charge rapidly 
becomes sticky and is much more difficult to handle. 

Molten converter slag is returned to the furnace through a launder 
discharging through the middle of the bridge wall. The action of con- 
verter slag is very marked in the furnace at times and the reaction is 
sufficient to cause a violent boiling in the bath which may extend the 
whole length of the charging zone. This boiling action, of course, mate- 
rially assists in the mixing of the-surface charge with the molten bath 
and undoubtedly assists smelting. It is, too, the one visible sign of 
reaction which accounts to some extent for the much smaller accumula- 
tion of magnetite in a wet-charge furnace than in a calcine-fed furnace. 


FurL CoNsuMPTION 


Furnaces are oil-fired and, as would be expected, the gross fuel con- 
sumption per ton of dry solid charge is considerably higher than would be 
obtained in smelting a dried or roasted charge. This higher gross fuel 
consumption in the reverberatory furnace is offset, however, by an 
increased waste-heat recovery, together with the oil saved by dispensing 


holes, eventually covering the entire charging zone, which extends about — 
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with the drier operation. A comparison of net fuel consumption, over 
three separate periods of distinctive operation, is interesting (Table 1). 


Necessarily, of course, with this high fuel ratio, it follows that in 
order to maintain the daily furnace tonnage considerably more oil must 
be burned. At a normal operating rate of 500 dry tons per furnace day, 
the fuel consumption is around 450 bbl. This may increase or decrease 
as the daily tonnage rate fluctuates. Being so much higher than the 
consumption rate for calcine smelting, more than a few problems of 
combustion control were encountered before satisfaction was obtained. 


Tasix 1.—Fuel Consumption with Three Methods of Charging 


1931, 6 Mos. 1924, Yr. 1926, Yr. 
Wet Charge, | Dry Charge, | Partial Roast, 
| Bbl. Bbl. Bbl. 


Gross fuel ratio per ton dry solid charge at 


reverberatory furnaces................... 0.902 0.667 0.577 
Equivalent waste-heat steam recovery....... 0.470 0.263 0.219 
Net fuel ratio per ton dry solid charge at 

reverberatory furnaces............2.0000: 0.432 0.394 0.358 


Drier fuel’ consumption: sy se Lee 0.105 0.077 


Net total plant fuel ratio per dry ton smelted. 0.432 0.499 0.4385 


Oil is burned in a battery of Cananea-type low-pressure burners. 
Generally, 10 burners are utilized, though this number may be increased 
to 12 or reduced to 8, according to the rate of fuel consumption. Pri- 
mary air is supplied at 40-oz. pressure to the burners and the secondary 
air supply is closely controlled by adjustment of auxiliary air ports, 
with which the bridge wall is well equipped. 

A short flame and good mixing are essential to insure complete com- 
bustion of fuel within the furnace. Proper control is maintained by 
daily gas analyses and the usual sample taken about 10 ft. back of the 
verb arch shows a trace of CO in the gases. 

The furnace is run on a very low draft, averaging about 0.02 in. of 
water, the reading being taken through the verb arch. Low draft is 
desirable to reduce to a minimum infiltration of cold air through furnace 
walls, flues and waste-heat boiler settings, and makes for steadier control. 
While the importance of this fact was early recognized, much difficulty 
was encountered in establishing proper conditions until the size of the 
furnace uptake was materially increased. By increasing its width to 
16 ft. and thus enlarging the cross-sectional area to 82 sq. ft., much 
better conditions were established. A steady draft is maintained during 
both charging and smelting periods by proper adjustment of boiler 
dampers for both periods. 
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WaASsTE-HEAT GASES 


Waste-heat gases discharge from the uptake to a header flue common 
to four waste-heat boilers, all of which are kept in service. Steam is 
generated at 220 Ib. pressure and superheated approximately 50°. Boiler 
exit gases have a temperature around 550° F. Every effort is made to 
keep boiler settings tight and the infiltration of cold air is held down to 
a minimum. 

As before mentioned, the waste-heat recovery, based on the equiva- 
lent heat value of the steam, is much higher than in smelting dried or 
roasted charge, and amounts to 52.1 per cent of the fuel burned, in con- 
trast to 39.1 per cent for dried charge and 37.9 per cent for partly roasted 
charge. Undoubtedly a great deal of heat is lost in heating up header 
flues and boiler cross-over flues, which would be saved by a more up-to- 
date arrangement of boilers in relation to the furnace. _The actual unit 
evaporation is 6.9 and the equivalent unit evaporation is 7.75 lb. of 
water per pound of oil burned. Very much less dust accumulates in 
the waste-heat boilers when wet-charging, and the problem of keeping 
boilers clean is a comparatively simple one. 

The elimination of sulfur from the furnace charges varies from 
25 to 30 per cent; the second figure closely approximates the elimination 
obtained when smelting a dried charge. While both physical and chem- 
ical characteristics of the charge play a part in determining the elimination 
of sulfur, a study of the mineral constituents of the charge brings out 
the fact that normally the sulfur driven off is about 85 per cent of the free- 
atom sulfur contained in the charge. 


TAPPING 


In deciding on the location of tap-holes in the furnace for the removal 
of matte, consideration was given to the possible dangers of tapping 
through the side wall under a pile of wet charge in the smelting zone. 
In order to avoid any potential danger, as well as to assist in keeping the 
front end of the furnace clear of magnetite accumulation, it was decided 
to install the tap-holes well toward the front end of the furnace, and they 
were put in just back of the verb arch. Later on further changes were 
made and today matte is being tapped directly through the front wall of 
the furnace to ladles held on a transfer car spotted on the inner track of 
the slag tunnel. This, of course, necessitates tramming of the hot matte 
to the converter aisle, a proceeding which at first glance might appear 
awkward and complicated. As a matter of fact, the arrangement has 
proved to be highly satisfactory and, although it has since been found 
quite practical to tap through the charge pile, in the smelting zone, no 
change has ever been contemplated since the front wall holes were put in, 
The matte, beyond question of doubt, taps more freely here than at any 
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other tap-hole location in the furnace, in spite of the fact that in recent 
months higher and still higher grade of charge has resulted in the produc- 
tion of a matte containing as much as 55 per cent copper. 

Also, there is no doubt that the maintenance of circulation in the 
body of matte toward the front of the furnace plays a large part in help- 
ing to keep the bottom free of accumulations which in the past have been 
responsible for the early termination of a furnace campaign. The 
campaign of our present operating furnace has been extended over two 
years, with no apparent building up of the bottom at the front end. 
Regardless of tap-hole location, however, a great reduction in the amount 
of magnetite accumulations is one of the features markedly noticeable in a 
furnace operated on wet charge. 

One reason that led to the adoption of the front-wall tapping arrange- 
ment was the desire to relocate the skimming bay in the side wall. The 
thought was to get away from fouling the slag by drippings from the 
uptake which, while very much minimized by the reduction of dusting, 
still proved to be a source of trouble. Thus the present furnaces are 
skimmed through the side wall just back of the verb arch. Results 
achieved have been eminently satisfactory and no handling troubles 
have developed even though the slag launder is 39 ft. long. 

Analyses of matte and ‘slag produced during a recent six months’ 
period are as follows: 


pe Gar Si0z, | ALO, |. Fe, FeO, CaO, | 3, 
| Per Cent | Per Cent | Per Cent | Per Cent | Per Cent | Per Cent | Per Cent 
| i Pex. 7 | 
Mattes: ... sae 45.9 26.0 25.2 
Dump slag....| 0.52 34.5 Meat. 49.8 1.26 


Slag loss ratio, 1.13. 


FuRNACE Brick AND REPAIRS 


The furnaces are of the usual type, with practically straight-line 
arches, constructed largely of silica brick. Built into the walls, however, 
from the end of the charge line to the front of the furnace, is a six-course 
band of magnesite brick. The front wall, from the foundation to 
above the normal slag line, is also faced with magnesite, as is the bridge 
wall along the slag line. In building the furnace, charge holes were 
located about 1 ft. in from the side walls, and since the furnace is always 
kept full, the upper side wall is never exposed to erosion. Consequently, 
in more than two years of continuous operation, no repairs of any sort 
have been made to the walls. Furthermore, in making arch replacements 
it has not been necessary to replace more than to within three courses of 
the skewback bricks. The arch is of 20-in. brick throughout, with the 
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exception of one 20-ft. section in the smelting zone, which has a 15-in. 

center, 10 ft. wide. Since the heaviest erosion is toward the line a 

charge holes, the stepped off arch results in more uniform wear of the 
entire width of arch. : 

: Furnace repairs have been much reduced since the adoption of wet 
charging. Decreased dusting within the furnace is undoubtedly respon- 
sible for this betterment. During the period of calcine smelting, when 

dusting conditions were particularly difficult, the wear and tear on 

: furnace brickwork was very severe. Under such conditions a campaign 
rarely extended over nine months, at the end of which time it was neces- 
sary to shut down the furnace for a general repair. Such a repair entailed 
a considerable wall and arch replacement, together with a more or less 
extensive rebuilding of the header flue. In addition, during the cam- 
paign, at least two arch replacements were necessary in the smelting 
zone. Such “hot patch” replacements involved the rebuilding of from 
20 to 40 ft. of arch and upper side walls. It was generally considered 
that for calcine a 90-day run for that section of arch, in the smelting zone, 
was a good performance. 

The present campaign of our operating furnace has extended over two 
years since the last general repair, during which time the furnace has 
never completely lost its heat. During this time, of course, several hot- 
patch arch replacements have been necessary in the smelting zone and 
some repairs of major importance were made to the flue system. It is 
noticeable, however, that the length of run of smelting-zone arch has been 
extended from 90 days to from six to nine months. Furthermore, the 
arch in the front half of the furnace shows few signs of wear and probably 
is still good for a long time to come. As has been mentioned, no repairs . 
have been made to side walls during the campaign. 
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ADVANTAGES OF WET SMELTING 


Reverberatory costs with wet charge compare favorably with costs 
achieved in former times when smelting a dried charge, in spite of the 
fact that operations have been reduced to a partial one-furnace basis. 

In general, it may be said that where plant conditions warrant the 
adoption of wet smelting many benefits are to be gained therefrom. 
The practical elimination of the dusting problem greatly simplifies the 
entire smelting operation. Working conditions are improved; losses are 
reduced and the wear and tear on furnace brickwork, resulting in periodic 
repair shutdowns and short campaigns, are very much lessened. 

The utilization of waste heat and the maintenance of an economical 
grade of matte are special individual plant problems to be studied by the 
individual operator and given due prominence in considering the applica- 
bility of wet charging to his particular smelting problem. 
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DISCUSSION 


DISCUSSION 
(Francis R. Pyne presiding) 


C. R. Haywarp, Cambridge, Mass.—Is there any definite information as to how 
low in grade the concentrates could be and still make it advisable to smelt in this way? 
Your concentrates are a little higher than the average, which makes the process rather 
favorable under your conditions. One or two plants are using cold concentrates and it 
is a matter of some interest as to how general this practice is likely to become. Prob- 
ably it is really dependent on the copper and sulfur content of the concentrates, but 
what are the economical limits? 


M. 8. Mazany, Montvale, N. J.—In carrying on an operation of this kind, it 
would be important to know the mechanical condition of the concentrates; whether 
they are from acid or alkaline flotation circuits, particularly in view of the aluminous 
content of the concentrates, inasmuch as with increased aluminous content there is a 


tendency for the oil from an acid circuit to form a putty with the clay content of 


the concentrates, which would make the material very sticky. The charging, as a 
result, would be exceedingly difficult. 


H. W. Mossman, McGill, Nev. (written discussion).—It should be remembered 
that the belt conveyor and tripper car system that Mr. Honeyman mentions was 
primarily a gravity feed of poor design, and to only a minor extent really a belt con- 
veyor and tripper system. I saw a testing engineer, B. J. Skoblin, make an investiga- 
tion for Mr. Honeyman on the weights of feed handled by gravity and by belt; and in 
May, 1929, I protested to Mr. Honeyman about his use of the hybrid arrangement. 
Then, too, he makes no mention of another belt conveyor which, under normal oper- 
ating conditions, made a better gross fuel ratio in a 21-ft. furnace than a drag chain 
conveyor did on the last previous campaign of the 25-ft. furnace, for similar parts of the 
two runs. 

The two systems that Mr. Honeyman compares are those put in on the No. 3 
and No. 2 reverberatories in 1927. Two furnaces were equipped with the hybrid 
gravity-belt system. The drag chain was used in the summer of 1927, and the 
gravity-belt system in the latter part of 1927 and the first part of 1928. The charge 
floor is very low, and had insufficient headroom for a large tripper car back towards the 
burners where most of the charge is smelted, so the gravity feed, into six chutes on each 
side of the furnace, had to be used to take care of that part of the furnace. These 
chutes served the first 28 ft. in front of the burners. As I remember the notes made by 
Mr. Skoblin, the gravity feed was about 65 per cent of the total. I have an accurate 
record of the feed put in at each charge hole for the next campaign of the No. 3 furnace, 
and then the first 28 ft. smelted 60.6 per cent of the total. Raw concentrates were 
dropped into these chutes from standard-size concentrate cars, the feed dropping an 
average of 22 ft. into the furnace. The concentrates, falling so far, and under very 
poor control, rolled into the channel of the furnace to some extent. The partly 
plugged furnace, with a few large, irregular piles near the burners, smelted slowly. 
The conveyor belt, discharging by a tripper, was used out at the tail end of the charge 
zone only, where 39.4 per cent of the charge was smelted. Such a gravity-and-belt 
system is not typital of 100 per cent belt conveyors. 

Another belt charging system, which the author does not mention, was used on the 
No. 3 reverberatory in 1929. A reversible shuttle belt conveyor wasemployed. This 
conveyor was low enough to go under the charge floor, and delivered feed to the entire 
charge zone. Miami is an Anaconda subsidiary, and Anaconda has secured patent 
No. 1857592 on this belt system, with myself as one of the inventors. The system has 
very advanced design in relation to automatic control of the distribution of the feed. 
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The conveyor moved rapidly from one charge hole to another, putting in exactly the 


right amount at each place, and bedded down the charge in several thin strata. The 


amount put in at each hole was controlled by a mechanism, which is in effect an 
electromechanical bar graph of the smelting rate at each charge hole. 

It is difficult to get comparisons of furnace operation at Miami. The 21-ft. 
furnaces are not as good as the 25-ft. furnace, so acceptable comparisons must take 
into account which furnaces are operating. Also, the relative parts of the furnace 
campaigns used for comparisons must be taken into account, as well as the absolute 
values of the figures used. There is a fairly steady improvement in the gross fuel ratio 
in a normally operated furnace as the campaign goeson. For instance, in the 1928-29 
campaign of the 25-ft. furnace on raw concentrates, the gross fuel ratio for the first 
month was 0.99 bbl. of oil per ton of charge. The gross fuel ratio for the eighth month 
was 0.82. ; 

I obtained from the original records the figures for the operation of the automatic 
belt system during its first three months. I have been told that at the end of that 
period a charge of flotation cell cleanup almost froze up the furnace, and the immense 
amount of fuel used to thaw out the furnace spoils the data from there on for compara- 
tive purposes. The first three months of the run on the 21-ft. furnace with the auto- 
matic belt system compared with the first three months’ run of the 25-ft. furnace with a 
drag chain conveyor shows a gross fuel ratio of 0.957 for the belt and 0.963 for the drag 
chain. When a 100 per cent belt conveyor, with the automatic control of distribution, 
made a small furnace do better than a large furnace with the drag chain, it is reasonable 
to infer that on furnaces of the same size, on normal operating conditions, the belt 
conveyor would make even a better showing. 


P. D. I. Honeyman (written discussion).—It is rather difficult to give a definite 
answer to Mr. Hayward’s question. It seems to me that the economical limits of the 
method must be determined by the individual plant. As he says, the copper and sulfur 
content of the charge are to a large extent the controlling factors and where such factors 
result in the production of a low-grade matte in ‘‘raw”’ smelting converting costs 
would be increased. .The balancing of higher converting costs against the eliminated 
roaster cost, decreased furnace-repair costs, and savings made as a result of decreased 
losses would tell the story. As mentioned in the paper, efficient and economical 
disposal of waste heat is another important point governing the economics of 
wet smelting. 

Mr. Mazany’s remarks are pertinent, and there is no doubt that in considering 
wet smelting thought must be given to the physical nature of the concentrates. Very 
sticky concentrates would complicate charging problems and might require special 
handling. However, the trend of modern concentration is toward low insoluble 
concentrates, which are not difficult to handle, and in any case the addition of normal 


amounts of flux and plant secondaries to the charge would tend to make such a sticky 
concentrate somewhat easier to handle. 


Development of Gun-feed Reverberatory Furnaces at 
Garfield Plant of American Smelting and Refining Co.* 


By R. A. Waastarr, Garrietp, UtTant 


(New York Meeting, February, 1932) 


Tue method of charging a reverberatory furnace has changed many 
times since smelting was introduced in this country from the old smelters 
of Swansea, England. The cause of the latest change at the Garfield 
plant has been the excessive fineness of the charge due to fine grinding in 
the concentration of the crude copper ores. 

The many desirable features of deep-bath smelting as now used at 
Garfield have been proved. The old method of dropping the charge 
through holes in the arch (known as center-feed method) causes excessive 
dusting which makes heavy slag and flue-dust losses, also rapid deter- 
ioration of the silica brickwork of the furnace through fusion with the 
iron oxides from the dust. 

The purpose of this paper is to describe a gun feeder that was designed 
to overcome the disadvantages of the older methods of center feeding 
and still maintain the good features of deep-bath smelting with the 
hot finer charge. 

A gun feeder was designed to introduce the finely divided hot calcines 
under the moving gas stream of the combustion zone and still have them 
spread in a uniform blanket over the highly heated matte bath. The 
temperature of the furnace was so great that it was impossible to maintain 
a stationary feeder, so a movable feeder was designed that could be 
introduced into the highly heated zone and be withdrawn after the charge 
had been dropped. It was necessary to protect the nozzle of the gun 
with a water-cooled coil. Many different types of protected nozzles 
were tried, such as air jackets, water jackets and heat-resisting steel 
alloys, but none proved satisfactory. 

The angle of inclination of the feeder was found to be an important 
factor in spreading the charge evenly over the surface of the bath. An 
angle of 34° to 37° was found to be the most advantageous. To allow a 
continuous flow of ore from the charge car to the point of discharge 
inside the furnace, the feeder was made with telescopic connections. 
The pipe leading from the car is stationary and forms the inside part of 
the telescope. The outside section of the telescope is movable, and is 
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known as the gun, or feeder. This part is made up of two sections; the : 


upper section is the carriage, the lower section is the water-cooled nose. 
The lower section is removable and can be readily changed should any- 


thing happen to the water cooling system. The upper section carries E 


the driving mechanism, which consists of a rack and pinion. The 
pinion is driven by a small motor, jaw clutches being used to transmit the 
power. The gun carriage rides on tracks supported from above. A 
double track keeps the gun from tipping and the flanged wheels of the 
carriage prevent side play. Counter-weights are used to allow easy move- 
ment of the gun in and out of the furnace. All bearings are equipped 
with Timken bearings and Alemite greasing system. 

Five guns are used on a furnace, two on one side and three on the 
other. The ports are staggered on opposite sides to allow even distribu- 
tion of the charge. Past experience has shown that if drop holes are 
eliminated from the arch of the furnace it will last much longer. To 
gain this advantage the gun feeder was made to enter the furnace through 
the side wall, which also permitted the installation of a simple counter- 
weighted water-cooled gate, which keeps out excess cold air and reduces 
radiation losses. 

The simplicity of design and the sturdy construction of the gun have 
kept the operating and mechanical cost down to a minimum, The 
regular furnace crew is able to operate the gun feeder with little or no 
training. It is beneficial to shift the disposition and rotation of the 
charges in the smelting zone of the furnace to satisfy the nature of the 
ore to be smelted. This can be easily learned by the operators. One 
of the important features of this method of feeding is that the operator 
must know the condition of his furnace at all times, there can be no 
guesswork as to where and when charging is to be done. 

The first experiments on this method of feeding were tried in 1928 and 
1929. One furnace was equipped with a crude “layout”? that gave 
promising results. Lower flue-dust losses were obtained and the life of 
the brickwork of the furnace was much longer. This preliminary work 
was followed by more complete installations on two other furnaces. 
At present the Garfield plant has three furnaces completely equipped with 
this method of feeding, the results of which have been very gratifying. 


CoMPARISON OF Dust LossEs 


During the development of the gun feed some interesting data were 
collected (Table 1) showing comparative dust losses on reverberatory 
furnaces using different methods of feeding. ‘Two interesting factors 
are brought out in these comparisons; i.e., 

1, The amount of dust produced with a gun-feed furnace is less than 
with the other types of furnaces. 
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_ 2. The copper content of the dust produced on a gun-fed furnace is 


_ lower in copper content than with the other types of furnaces, when the 


copper content of the original charge is taken into consideration. 


TABLE 1.—Comparison of Feeds for Reverberatory Furnaces 


. Dust Dust 
Solid : Copper | Copper : * 
Leaving | Produced, PP Dur 
Type of Furnace Tons | | Furnace | Per Cent’| Content | Content | ‘oF Teste Toe 
Smelted pes Day, | of Tons of Charge,| of Dust, D  ikeaenee 
per Day Ponsh. Sinelted Per Cent | Per Cent Bye pists 


SIDE AND CENTER FEED 


Side feed 5.2000 24. 4eeo. 835 9.12 1.091 14.4 8.1 29 2733 
Center feed........ 838 11.39 1.359 |° 14.4 8.9 29 2728 
Gun anp CENTER FEED 
| 
Gun feedt2. sic: 6.6 Bode 847 8.29 0.98 26.6 14.5 29 2733 
Center feed............. 809 12,29 1.52 26.6 19.5 29 2728 


COMPARISON OF FURNACE LIFE 


One of the chief factors that encouraged the design of a gun feed was 
the hope of extending the average campaign of a reverberatory furnace. 
Owing to factors already mentioned, the life of a center-feed furnace 
smelting an average of 800 tons per day was 80 to 100 days. By clever 
patching this could be extended another 10 to 20 days, but that was the 
limit. The last campaign on a gun-feed furnace has lasted more than 
200 days and smelted more than 200,000 tons of charge. 


FuRNACE CONSTRUCTION 


While progress was being made in perfecting this type of feed, certain 
weaknesses in previous furnace design were appreciated and corrected. 
Among them was the side wall. It was found desirable to build a much 
heavier foundation of magnesite brick. On this heavy foundation a 
silica wall of panel construction was developed that could be cheaply 
patched and replaced. The upper section or skewback portion of the 
side wall was strengthened, water coils were placed in the skewback 
plates to protect the buckstays from the heat in the protracted cam- 
paigns (Fig. 1). \ 

Ribbed-arch construction had been well developed during center- 
feed furnace operation and this fitted in nicely on the gun-feed furnace. 
The open construction around the arch of a gun-feed furnace made it 
possible to get away from the extraordinary hot repair conditions that 
are common to both center and side-feed reverberatory furnaces. ‘The 
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gun feed allows an accessible arch, easy to repair and free from cal- 


cine accumulations. 
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This question 


can only be answered by years of experience in reverberatory smelting. 


The question of why a deep-bath reverberatory furnace is the better 
The main reasons for a preference are: 


suited for a ‘‘hot finely divided charge’’ will surely arise. 
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1. Lower metal losses. 
2. Better fuel ratios. 
3. Easier manipulation of furnace operations, viz: 

A. Control of matte supply, with large available bath. 

B. Control of copper fluctuations in matte, with large matte bath. 

C. Simplicity of getting proper mixture of converter slag and 

smelting charge, so that a homogeneous slag may result. 

D. Hot “wild” calcines are not suitable for proper side-feed 

charging, or side-wall protection. 

EK. Easier combustion regulation, due to uniform smelting zone 

area. 
F. Better furnace feeding regulation, because furnace conditions 
can be sized up more quickly both by observation and phys- 
ical inspection. 7 
G. Relief from high furnace bottoms; an ease of keeping furnace in 
good smelting condition at all times. 

The only factor that can offset these favorable conditions in deep-bath 
smelting is an increase in repair costs and the gun feed and the improve- 
ments in arch and side-wall construction have decreased the repair cost 
to such an extent that it is now possible to have all the good features of 
a deep-bath smelting furnace without this objection. 


DISCUSSION 
(Francis R. Pyne presiding) 


C. R. Kuzexu, Clarkdale, Ariz. (written discussion).—We copper metallurgists 
are indebted to Mr. Wagstaff for the presentation of this paper at this time because it 
pertains to one of the two successful methods of coping with the problem introduced 
by the fact that in recent years the feed for reverberatory furnaces has become much 
higher in grade and much finer in size. This was a natural result of the growth in the 
use of the flotation process and in the progress of finer grinding of ores. The engineer 
confronted with the building of a new smelter today would have to give serious con- 
sideration to the choice between wet smelting of the raw concentrate and such devices 
as Mr. Wagstaff’s for the introduction of the hot and wild roasted concentrates. 
Both are being done successfully. 

Mr. Wagstaft’s scheme apparently goes a long way toward the elimination of dust- 
ing due to the introduction of the hot calcine and has the further advantage of good 
distribution of the charge over the bath. It is obvious that this method makes it 
much easier to maintain a deep bath, so that operators who prefer such a smelting 
method will have much less difficulty than with side charging. Also, the introduction 
of an admixture of molten converter slag with the bath of the reverberatory furnace 
can be much more easily accomplished. It would appear that the net cross-sectional 
area available for combustion space is increased and that therefore more capacity 
might be obtained per unit of floor area. 

Very likely engineers may find that wet smelting will fit certain conditions as well as 
or better than this improved method of smelting calcined concentrates, and the reverse 
may also be true for other conditions; it would be interesting to know whether Mr. 
Wagstaff can present comparative data on the two methods as applied to the same kind 
of concentrates. ; 


An Experimental Combination of Shaft Roasting and 
Reverberatory Smelting 


By Freprrick Laist,* New York, N. Y., anp J. P. Coopzer,{ ANAconpa, Monr. 
(New York Meeting, February, 1934) 


In the spring of 1931 an experiment was made at Anaconda with a 
small reverberatory furnace, with which was combined a roasting shaft. 
The arrangement is shown in the accompanying drawing (Fig. 1) and 
requires but little explanation. The general idea was to roast flotation 
concentrates, mixed with the proper fluxing materials, by dropping them 
down a heated shaft, from which the calcines would enter the smelting 
zone of the reverberatory furnace through an opening in the roof. 

The hearth of the reverberatory was 3 ft. wide by 21 ft. long. The 
roasting shaft was 3 ft. square inside and had an effective height of about 
20 ft. The reverberatory furnace was arranged so that it could be 
charged either directly through the roof with regular hot calcines, in the 
usual manner, or by means of the shaft, at the top of which were a feed- 
ing arrangement by which cold flotation concentrates, suitably fluxed, 
could be fed continuously and a pipe through which cold air was blown in. 
Means were provided for distributing the feed over the cross-section of 
the roasting shaft. At first a mechanical arrangement was used but later 
it was found that a simple cone served the purpose equally well and 
gave less operating trouble. 

On account of the small size of the equipment, it was realized that 
absolute capacity and fuel consumption figures would mean but little. 
It was not to be expected that ratios comparable to those obtained in large 
furnaces could be gotten, and the only way in which any idea could be 
obtained as to the possibilities of the combination furnace was to run it in 
parallel with the reverberatory furnace charged in the usual manner and 
operating without the shaft. The results of such parallel runs are given in 
Table 1. The amount of oil burned in the reverberatory was purposely 
maintained at substantially the same rate during both runs in order 
that the benefits resulting from the shaft might be gaged. 

It was expected that the shaft would considerably increase the capacity 
of the reverberatory and that a better fuel ratio would be obtained on 
account of the high temperature at which the calcines would enter the 
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smelting region. Inasmuch as the shaft was down-drafted and the hot 
gases were drawn through the reverberatory chamber, it was thought 
that some additional benefit might result from the heat contained in 
these gases. It was feared that there might be considerable trouble from 
the building up of accretions in the roasting shaft, particularly at the 
point of entry into the reverberatory furnace. However, no troubles of 
this kind were encountered so long as the temperature of the calcines at 
the throat of the shaft was kept below 1500° F. On account of the small 
size of the shaft, there was some uncertainty as to whether it would main- 
tain its heat. Asa matter of fact, no oil whatever was required for roast- 
ing and even after a shutdown of from 30 to 60 minutes, the shaft heat 
could be brought back without the use of oil. 

The shaft was operated both in combination with the reverberatory 
furnace and alone. When connected with the furnace, its capacity was 
necessarily limited by the rate at which smelting proceeded. It was soon 
apparent that the shaft had a much greater capacity and it was desirable 
to determine what this might be. Therefore arrangements were made for 
bypassing the reverberatory, so that the shaft could be operated unham- 
pered, and at the same time the effect of moisture in the feed was deter- 
mined. Analyses were made of the various products, all of which data 
are shown in a summarized way in the tabulations herewith. 

It was expected that the dust losses from the reverberatory would 
increase when operated in conjunction with the shaft but it was thought 
that losses of this kind would not be excessive and would probably be 
much less in a large furnace than in the small one. Asa matter of fact, 
the copper in the dust leaving the reverberatory furnace averaged less than 
2.5 per cent of the total input. Considering the short distance between 
the flue and the point where the hot calcine entered the furnace, and also 
considering the fact that the calcine dropped through the flame, this result 
was satisfactory. Because of the high temperature of the flue gases 
(1950° F.), and for other reasons, the dust determinations were difficult 
but probably indicate fairly well the true state of affairs. The furnace 
temperature was about 2300° F’. and from the time the furnace was started 
until it was shut down about 94 per cent of the copper going to it was 
accounted for in various products. 

When being operated without the shaft, on calcine having a tempera- 
ture of 492° F., the reverberatory smelted 16,678 lb. per 24 hr. with an 
oil consumption of 797 gal. When running in connection with the 
roasting shaft, the furnace smelted 40,552 lb. cold, dry concentrates per 
24 hr., with an oil consumption of 762 gal. When running this way, there 
were occasional delays due mainly to mechanical defects which were 
subsequently remedied or are capable of correction. ‘The feed rate per 
24 hr. of running time was 48,100 lb. Hence the furnace when operating 
with the shaft smelted approximately three times as much material in a 
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TABLE 1.—Performance of Reverberatory Alone versus Shaft Roaster p Lu 


Reverberatory 


———————————— 


Reverberatory 
Alone 


Shaft and — 


Reverberatory 


Kind of feed. a -vs0o soc. 32 oa ee eee Calcines Concentrates 
Duration.of test, no. of shifts... ..n0 ae -.> 5 cas 30 38 
Feed per 24 hr., lb.: 
Actual... icci.s3.c0 seh ot eee 16,678 40,552 
Runnings jec5:.5 ss os acs ee 16,700 48,100 
eed: temperature, deg, Fic.....-2 aeniaeur tee een 492 Cold 
Shaft temperature, deg. F.: 
"LOD ine visis/s +5 sa teu s easier ae) > = eee eet tea Sean 580 
Center: ..sceeab ed. 4.0 5 eerie 853 
Bottomie see 8ee cnc ee eee 1,059 
Throaticc sot sate dane + ce i ee 1,470 
Pan air per minute; cuits. eeee 10 oe eee 168 
Injector air per minute, cu, its....- -. ye oes ae 43 
Oil'used ‘per 24 br.jgalicg a. eee et ee 797 762 
Dust loss, percentage of total copper.............. 0.92 2.36 
Anatysss, Par CEnt 
H:20 | Cu SiOz | FeO | CaO Ss | SO2 O | CO:z 
Concentrates: ocean nete 0.38] 27.0] 7.1] 30.8 31.5 
Regular calcine........... 32.8} 7.2] 30.9]}1.3] 19.5 
Shaft calcine (a).......... 26.7| 10.7} 30.8] 1.6} 22.0 
Shaft calcine (b).......... 30.6 33.2 14.3 
Gas: shaft throat......... i I ay gal rf 
reverberatory flue.... 0-6) ike 
Saarr Dara 
Connected with | Dry Feed, Moist Feed, 
Reverberatory | Shaft Alone Shaft Alone 
Temperatures, deg. F. 
pM MRO MRS to Sinn orion waG comes 580 886 277 
Cetiber .. ire gate eee 853 1,056 588 
Bottom sy 5. chen eisai roe eee 1,059 1,220 1,103 
Throateinon ote oh eee 1,470 1,508 1,420 
Moisture, per cent: . sc. ccna eee eee 0.38 O.S7— 226 
Feed per: 24 hr... b'7. fry seen 40,552 80,911 87,655 
Sulfur in feed, per cent...............00.. 31.5 34.6 34.8 
Sulfur in calcine, per cent................. 22.0 15.1 14.3 
SO, in gases, per cent... ..., 0.5 eee ALS 10.1 
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ratio (change in weight due to roasting) of the concentrates and making a 
reasonable allowance for delays, it may be said that the use of the shaft 
increased the capacity of the smelting furnace two and one-half times and 
decreased the fuel. consumption per ton of charge by 60 per cent. These 
are the results obtained from consecutive runs of thirty 8-hr. shifts with 
the reverberatory alone, and thirty-eight 8-hr. shifts with the reverbera- 
tory operating in conjunction with the shaft. 

This considerable increase in smelting capacity is due obviously to the 
high temperature at which the shaft calcine enters the smelting chamber 
(1470° F.) and may to a lesser extent be attributed to the hot gases from 
the roasting shaft. 

When unhampered by the reverberatory, the capacity of the shaft 
when producing a calcine running about 15 per cent sulfur was more than 
40 tons per 24 hr., or between 4.5 and 5 tons per square foot of cross-sec- 
tion in a shaft having an effective height of not more than 20 ft. The 
capacity is evidently a function of the volume of the roasting chamber, 
assuming that sufficient air to burn the sulfur and oxidize the iron is 
introduced with the concentrates. It seems reasonable to expect, there- 
fore, that a shaft 6 ft. square, having an effective height of 30 ft., would 
roast around 250 tons per day when producing calcines containing 15 per 
cent sulfur. The plan that was considered for a larger furnace con- 
templated the equipment of a standard reverberatory with roasting 
shafts arranged along the sides. Three shafts approximately 6 ft. square 
by 30 ft. high on each side of the furnace might be expected to treat 1500 
tons of concentrates per day. 

It is not to be expected that a large reverberatory furnace would derive 
the same benefit from being connected with a shaft roaster that the small 
test furnace did, because the smelting efficiency of the large furnace is 
much greater. Any predictions as to the performance of a large furnace 
are necessarily pure guesswork. It may be taken for granted that the 
capacity would not be increased two and one-half times, but we are of the 
opinion that it would be increased at least one and one-half times and 
might be doubled, without any material increase in fuel consumption. 
By dropping the calcine along the furnace walls, protective embankments 
would be formed as usual and there would be a minimum of dusting. 

Whether such a furnace would be practical and economical may be 
open to question. One of the obvious disadvantages is that the con- 
centrates must be dried. Furthermore, the tendency is to produce 
concentrates of higher and higher grade, so that in many places the sulfur 
is only just sufficient to produce a matte of the desired copper content. 
Such concentrates, of course, must be fed directly into the reverberatory 
furnace without having any of their sulfur burned out. The process 
obviously is limited to the treatment of concentrates that are compara- 


tively low grade and require roasting. 
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DISCUSSION it 

G. A. Guxss, Toronto, Ont. (written discussion).—The increased smelting rate 

with the hot calcine was 1:2.5. If we give a value 0.18 to the mean specific heat of the 

calcine the difference in the heat content of the two calcines is 175 B.t.u. per pound. 

If we say that x B.t.u. added to the colder calcine will smelt it to slag and matte, 

4 — 175 B.t.u. will be the requirement per pound for the hotter. If we have the same 
furnace-fuel conditions in each case and a smelting ratio of 1:2.5, we have 


x 


aan 2.5 and x = 292 B.t.u. 


the heat requirement to smelt one pound of the colder calcine. This is independent 
of the thermal efficiency of the furnace, but it assumes that that efficiency is the same 
in both cases. As a matter of theory the thermal efficiency when smelting the hotter 
calcine would be slightly lower, because there is a smaller temperature difference in 
this case between the calcine and the reverberatory gases. 

This value, 292 B.t.u., seems too low, unless the matte fallis very high. Require- 
ments for matte are much less than for slag. At 0.18 specific heat, 292 B.t-u. per 
pound would give a rise in temperature of 1630° F.; adding 492° F. gives 2122° F. 


. There is no allowance for latent heat of fusion of the slag nor for the endothermic 


reactions in the calcine. 

When we get at the B.t.u. requirement of a pound of calcine from a study of a 
thermal balance on a reverberatory, we are apt to conclude that 20 to 25 per cent of 
the heat in the fuel is actually in the resulting slag and matte. This may be called the 
thermal efficiency of the furnace. Taking a reverberatory burning 100 tons daily of 
pulverized coal (13,000 B.t.u.), it might be assumed capable of smelting 750 tons of the 
colder calcine: 

1 lb. coal (13,000 B.t.u.) smelting 7} lb. calcine 

At 20 per cent efficiency 2600 B.t.u. in 714 lb. 347 B.t.u. per pound 

At 25 per cent efficiency 3250 B.t.u. in 714 lb. 433 B.t.u. per pound 
Taking the lower figure, 347 B.t.u. per pound, the hotter calcine would require 
172 B.t.u. per pound and the smelting rate of the hotter calecine would be 


847/72 X 750 or 1500 tons per day 


It would appear that the hot roaster gases cannot contribute to an increase of the 
smelting rate, since they are much colder than the reverberatory gas, and their low 
oxygen content would preclude the thought of their acting as preheated secondary air. 
It would appear from the analysis of the calcine that the matte fall is high, possibly 67 
per cent, and that one pound of calcine will make about 0.27 lb. slag. 


Forms of Copper Found in Reverberatory Slags 


By Royat B. Jacxman,* Ex Paso, Tex., anp Carte R. Haywarp,t CamBripaz, 
Mass. 


(New York Meeting, February, 1933) 


Two comprehensive papers have appeared regarding the forms of 
copper that occur in smelter slags, one by Frank E. Lathe! and the other 
by C. G. Maier and G. D. Van Arsdale.2 These authors comment on 
other published results and draw conclusions from their own investiga- 
tions. The development of X-ray examination of minerals and improve- 
ment in high-power microscopic methods make it possible today to get 
additional evidence by means that were not available to earlier investi- 
gators. The present work was confined to reverberatory slags obtained 
from five different plants. Some definite conclusions were reached 
regarding the forms of copper present in these slags. In most cases 
these agree with some of the findings of Maier and Van Arsdale but new 
methods of attack were used in the investigation. 


CoNCLUSIONS OF Previous INVESTIGATORS 


Various important conclusions reached by previous investigators 
are summarized in the following paragraphs, arranged chronologically. 


William A. Heywood:? Slag losses increase with grade of matte but with the same 
grade of matte losses decrease as the acidity of the slag increases. 

Lewis T. Wright: Slag losses are only partly due to prills of matte. It is sug- 
gested that part of the copper is dissolved in the slag. 

J. Parke Channing:® A considerable part of the copper enters the slag as silicate 
or oxide and not as sulfide. 

C. A. Grabill:§ Slag losses are both physical and chemical. Physical losses, due 
to poor settling, gas flotation and slight differences in specific gravity, are small 
under normal conditions. Chemical losses may be due to formation of oxides or to 
solution of metals and sulfides. ‘The last is considered the most important. 

John W. James:’ The copper in converter slag is largely the oxide and as such enters 
the reverberatory slag when converter slag is added to the charge. 


* Graduate Student, Massachusetts Institute of Technology. 
+ Associate Professor of Metallurgy, Massachusetts Institute of Technology. 
1Eng. & Min. Jnl. (1915) 100, 215. 
2 Eng. & Min. Jnl. (1919) 107, 815. 
3 Eng. & Min. Jnl. (1904) 77, 395. 
4 Trans. A.I.M.E. (1909) 40, 492. 
5 Trans. A.I.M.E. (1910) 41, 885. 
6 Eng. & Min. Jnl. (1910) 89, 776. 
7 Eng. & Min. Jnl. (1914) 97, 1114. 
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increases, and increases nearly uniformly with increase of copper in the matte. Con- 
siderable copper was found as oxide in the slag. This is believed to be the prin- 
cipal form in which the copper exists in slag. Serious loss as dissolved sulfide was 
not proved. 

C. G. Maier and G. D. Van Arsdale:® Lathe’s analytical methods are criticized. 
Little or no oxide copper is present. Most of the copper is in the form of sulfide, which 
may be either dissolved or in the form of visible globules. These globules are of 
different composition from the reverberatory matte, being apparently free from the 
iron sulfide phase. Copper has been identified only in the interior of sulfide inclusions. 

F. E. Lathe:!° Analytical methods used by various investigators are criticized 
and the presence of copper oxide or silicate maintained. Some dissolved copper is 
probably present. 


Work CovERED IN PRESENT PAPER 


Samples of reverberatory slag were obtained from five widely scattered 
smelters. Each weighed between 10 and 15 lb. and was in lump form 
when received. These were tested in the following ways: 

1. Specimens were polished by the most improved methods and 
carefully examined at magnifications varying from 50 to 2000 diameters. 

2. Chemical tests were applied to the polished surfaces to observe 
the reactions under the microscope. 

3. Some of the slag was ground and treated by flotation. The con- 
centrate was studied with X-rays and the diffraction patterns compared 
with patterns made from copper matte, bornite, chalcopyrite, chalcocite, 
cuprite and metallic copper. 

4. A thin section of slag was examined by petrographic methods. 

5. Leaching tests were made to see whether a substantial portion 
of the copper could be dissolved. 


Resuuts oF TEsts 


Microscopic Work.—Photomicrographs are shown in Figs. 1 to 8, 
but the surfaces of the specimens themselves show differences in color 
that are not noticeable in the photographs. All specimens showed 
rounded particles easily recognized at 50 diameters as sulfides. It is.a 
fair assumption that these resulted from matte inclusions. Scattered 
over the surface were numerous fine dots which at low magnification 
could not be identified but at high magnification their appearance 
approximated that of the larger particles. Both large and small particles 
are often associated with magnetite crystals, in some cases embedded 
inthem. Although most of the copper particles are rounded, or globular 
in form, it is not unusual to find instances where they are quite irregular 
(Fig. 6). The form of copper seemed, in general, to be the same in all 
the specimens examined. The slag structure often varied, owing prob- 


8 Eng. & Min. Jnl. (1915) 100, 215, 263, 305 
9 Eng. & Min. Jnl. (1919) 107, 815. 
10 Hing. & Min. Jnl. (1920) 110, 1076. 


Frank E. Lathe:* Copper lost in slag decreases irregularly as silica content — 
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ably to different rates of cooling, but the copper-bearing particles were 
scattered haphazardly throughout the mass. 

Chemical Tests —An attempt was made to identify copper minerals 
by using the methods prescribed by Farnham.'! These tests indicated 
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Fie. 1.—FouR MAIN CONSTITUENTS OF THE SLAG. X 100. 
a. Copper sulfide; rounded white areas. 
b. Crystals of magnetite; dendritic in this case. 
c. Crystalline phase of siliceous portion; light gray. 
d. Noncrystalline phase; darker gray. 

Fic. 2.—F OUR CONSTITUENTS OF SLAG CLEARLY SHOWN. X 2000. 

Sulfide particles and magnetite crystals are associated mainly with the dark non- 
crystalline phase, probably the last constituent to solidify. 


the presence of bornite and covellite and possibly chalcopyrite. They 
gave no indication of the presence of metallic copper. 


110, M. Farnham: Determination of the Opaque Minerals. New York, 1931. 
McGraw-Hill Book Co. 
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Flotation Tests and X-ray Examination of Concentrate—Two samples 
of slag were treated by this method. The first was a granulated slag 
which was further ground wet to pass a 200-mesh screen. A small 
amount of sodium carbonate was added during the grinding and pine 
oil with potassium ethyl xanthate was used as the flotation reagent. 


Fia. 3.—LARGE INCLUSION THAT WAS DEFINITELY IDENTIFIED AS SIMILAR TO BORNITE. 
x 100. 
Fig. 4.—SMALL INCLUSION SIMILAR TO THAT IN Fia. 8. ALSO, SULFIDE PARTICLE 
EMBEDDED IN MAGNETITE CRYSTAL. XX 500. 


The concentrate from this test contained 3.59 per cent copper and the 
recovery was 32.8 per cent. There was considerable colloidal material 
present, indicating too much grinding, so in treating the second slag care 
was taken to avoid this trouble. No NazCOs; was added, the pulp having 
a pH value of 9.8 after grinding. This test, with the same flotation 
reagents as those used in the first, gave two concentrates with 17.7 
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and 5.62 per cent copper respectively and a recovery of 48.2 per cent. 
Further cleaning of the richer product gave a concentrate with 45 per 
cent copper, which was used for X-ray examination. A study of this 
concentrate with a binocular microscope indicated that it was a mixture 


Fie. 5.—ROUND SULFIDE PARTICLES AND NUMEROUS SMALLER ONES HAVING THE 
SAME APPEARANCE AS THOSE IN Fas. 3 AND 4, PROVING SIMILARITY OF SMALL AND 


LARGE PARTICLES. XX 2000. 
Fig. 6.—IRREGULAR MASS OF SULFIDE AND MANY SMALLER PARTICLES, XX 500. 


of bornite with possibly a little chalcopyrite and a gangue composed of 
silicates and magnetite. 

The X-ray examination of the concentrate was carried out with a 
Siegbahn-Hadding gas-type X-ray tube with a chromium target. It 
was operated at about 35 kilovolts and 10 milliamperes. The powder 
method was employed, using a Westgren focusing camera. Diffraction 
patterns were obtained for the slag concentrate, bornite, chalcocite, 
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chalcopyrite, cuprite, copper reverberatory matte and metallic copper. 
Positive prints are shown in Fig. 9. 

Examination of these patterns will show that the lines for bornite 
correspond closely to certain lines present in the slag concentrate pattern. 
The chalcocite pattern is very similar to the bornite pattern, the only 
difference being that the lines do not exactly concur. This is due to the 


ne 7.—MAGNETITE AND SULFIDE PARTICLES IN CLOSE ASSOCIATION. > 2000 
1G. 8.—IRREGULAR AND ROUND PARTICLES OF SULFIDE. XX 2000. 


fact that bornite is a copper sulfide containing some iron in solid solution, 
ns chalcocite is pure copper sulfide. The presence of the iron changes 
e position of the lines with respect to the origin, b i 
‘Ont ut oth 
not affect the pattern. ae a 
_ This observation indicates that the copper in the slag concentrate 
is in a form similar to bornite; that is, a copper sulfide containing varying 
amounts of iron or iron sulfide in solid solution. Several lines for the 


” 
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copper reverberatory matte appear to correspond to some of those 


in the slag concentrate pattern, and it is assumed that some substance 


similar to matte is also present in the slag concentrate. Since no simi- 
larity can be detected between the pattern for the slag concentrate and 
those for chalcopyrite, cuprite and metallic copper, these substances are 
considered as being absent in the concentrate. 

Examination of Thin Section—Only one specimen was examined 
by this method, and the results were disappointing. The slag consisted 
mainly of two portions, one a transparent yellowish crystalline mass 


Fic. 9.—DIFFRACTION PATTERNS OF SLAG CONCENTRATE AND CONSTITUENT MINERALS. 


a, Slag concentrate. c. Bornite. e. Chalcopyrite. 
b. Copper. d. Chaleocite. f. Copper reverberatory matte. 
g. Cuprite. 


and the other an opaque, dark crystalline matrix: Magnetite was readily 
recognized but nothing that resembled the sulfide globule could 
be distinguished. 

Leaching Tests—This work was carried out in the metallurgical 
laboratories of the Massachusetts Institute of Technology by E. M. 
Tittman and L. W. Johnston several years ago, when the price of copper 
was higher than at present and when a copper content of 0.6 per cent in 
reverberatory slag meant a considerable daily loss. A summary of their 
results is presented here as a corollary to the facts brought out in 
this paper. 

The material used was a granulated reverberatory slag containing 
0.6 per cent copper. Leaching was carried out by adding the reagent 


118 FORMS OF COPPER FOUND IN REVERBERATORY SLAGS 


to the slag samples and grinding for various lengths of time in a porcelain 
mill with porcelain pebbles. Tests with dilute sulfuric acid gave, as 
was to be expected, a low extraction. Further work was done with 
ammonia and ammonium sulfate, or ammonium carbonate, with the 
addition of various quantities of hydrogen peroxide. 

Tittman obtained his best results with a leach solution consisting 
of water with 5 per cent ammonium sulfate, 5 per cent ammonium 
hydroxide and 5 per cent hydrogen peroxide. In one test he obtained 
an extraction of 91.9 per cent after grinding 20 hr. Johnston attempted 
to duplicate Tittman’s work but, with the same solutions, the best 
extraction he could get was 73.4 per cent in 114 hr. He then made some 
tests substituting ammonium carbonate for ammonium sulfate. The best 
result with this solution was 64.4 per cent in 7334 hr. On all these tests 
the product was extremely fine after grinding and gave considerable 
difficulty in filtering and washing. 


Discussion oF RESULTS 


From the evidence produced in the various tests used in the present 
research, and evidence presented by previous investigators, it seems to 
be definitely established that most of the copper contained in reverbera- 
tory slag is in the form of sulfide. Most of this sulfide is in the form of 
pellets of irregular shape, but some sulfide may be dissolved in the slag. 
Metallic copper may be present at times, but it is of minor importance. 

By comparing the amount of copper analytically determined in the 
slag and the amount visible in the form of sulfide, it is evident that very 
little, if any, remains in any other form. No evidence was found of the 
presence of copper silicates and, although proof of their absence was 
also not obtained, it is probable that those who claim that such silicates 
are not present in normal slags are correct. 

The presence of numerous extremely fine particles of sulfide suggests 
that when the slag is in the furnace it may hold considerable sulfide in 
solution, which may separate during cooling. 

It is probable that one of the most important sources of copper in 
the slag is the dust that settles on the surface. These particles are so 
fine that they would not readily agglomerate and settle out. The oxides 
are readily dissolved and the sulfides either dissolved or fused into 
globules. These globules would not necessarily have the composition 
of the furnace matte but undoubtedly would approach the composition 
of bornite as indicated in the X-ray examination. Any copper oxides 
present would undoubtedly react with the sulfides and the copper would 
be taken up in these globules. 

Maier and Van Arsdale have shown that considerable matte may be 
floated into the slag by ascending gas bubbles. These particles undoubt- 
edly would have a slightly different composition from those produced 
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from ore dust, but as these authors have pointed out, the composition 
is also different from matte, probably because the reaction between 
the matte and the oxides in the slag cause an oxidation of FeS. The final 
composition of these particles will depend on the extent to which the 
reaction goes. In some cases it may proceed to the complete removal 
of iron and sulfur, leaving metallic copper. 

This reaction is dependent to a considerable extent on the tempera- 
ture. Reverberatory matte at its melting point will not react with 
magnetite, but as the temperature is raised, a point is reached where 
the reaction is violent. The latter temperature is a variable depending 
on matte composition, amount and condition of Fe;0,4, concentration 
of SO, and pressure. The last item depends on depth below the surface 
of the bath. In a reverberatory furnace, one area may not be reacting 
while another is reacting violently. Near the bottom of the furnace 
the matte is cool and has little tendency to react with magnetite. Here 
it may be saturated with magnetite and actually depositing it from 
solution. At or near the contact line between slag and matte there are 
undoubtedly areas in the furnace where the reaction is taking place and 
particles of matte are driven into the slag. The temperature continues 
to rise as the surface of the slag is approached, so the violence and com- 
pleteness of the reaction will increase if the gas evolution continues to 
carry the particle upward. The final result is a particle in the slag 
which may vary in composition between matte and metallic copper. 

Where copper silicates occur in reverberatory slag, they are probably 
the result of incomplete digestion of converter slag. 

The removal of copper from slag by agitating it with pyrite, or by 
adding pyrite near the skimming end of the furnace, is probably due 
more to physical and mechanical action than to chemical action. The 
relatively large amount of low-grade matte produced from the fusion 
of the pyrite collects the dispersed particles of copper sulfides and removes 
them as the matte settles from the slag. 

Either the above method, concentration by flotation, or leaching are 
available for cleaning slags. At present they are only of academic 
interest but at some distant date one of them may be practiced to con- 
serve copper resources. 


DISCUSSION 
(Frank G. Breyer presiding) 


C. G. Maier, Berkeley, Calif. (written discussion).—This paper contains two items 
in connection with the investigation of copper reverberatory slags that represent a 
definite advance as compared to older work. The first of these is the better tech- 
nique in the taking of photomicrographs. This improvement, unfortunately, has 
not added appreciably to knowledge of the subject, except as it indicates the presence 
of minute sulfide inclusions. Since such minute inclusions cannot be recognized with 
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entire definiteness under the highest magnifications, it is perhaps doubtful whether the 
evidence here is conclusive. 

A second interesting contribution of these authors is their attempt to use X-ray 
methods to determine the nature of the sulfide inclusions. Unfortunately, the fact 
that they could make these X-ray tests only upon flotation concentrates representing a 
recovery of approximately 50 per cent greatly decreases the value of their findings. 
That the larger prills in the slag are essentially cuprous sulfide does not require proof 
by such a ponderous method as the use of X-rays, since the fact is definitely ascertain- 
able both by visual microscopic observation and by microchemical tests. As the 
conclusion of the X-ray tests is limited to the 50 per cent that was recovered by flota- 
tion, the matter of the remaining half of the copper content of the slag is still in a 
doubtful condition. 

The statement that the presence of numerous fine particles of sulfide suggests the 
possibility of sulfide in solution, which separates during cooling, seems to me unjusti- 
fied. It does not appear that sulfide separated in this way could be visual, even under 
the highest magnifications used by the authors. At the most the solubility in the slag 
of cuprous sulfide must be less than about 0.3 per cent, which corresponds to a rather 
dilute solution. Such a dilute solution, in separating out a relatively insoluble con- 
stituent upon cooling in an environment of high viscosity, would certainly result in 
such minute particles of sulfide as to be undetectable by microscopic means, and, 
moreover, uniformly distributed throughout the slag. The evidence for the presence 
of copper sulfide in solution in slags still remains almost entirely indirect. 

An obvious interpretation of Johnston’s leaching tests is that some 65 to 75 per 
cent of the copper content is of such particle size as to be freed by grinding, but that 
roughly one-third of the copper content is in a form not readily attacked by the 
reagents, and presumably may be very finely divided, or in solid solution. Flotation 
tests lead to a somewhat similar conclusion. The fact that the authors have used the 
latest refinements of microscopic technic and have further attempted to utilize X-ray 
methods, and in the end, succeeded only in reaching a result so equivocal as to fail 
to convince the more dogmatic of copper metallurgists, should ultimately discourage 
those in the future who may wish to study copper slags by these methods. 

The results have brought the question to a point where all that remains is a purely 
physical-chemical problem: What is the solubility of cuprous sulfide in slag? Thisisa 
problem not incapable of answer by physical-chemical means. 


A. ZENTNER, San Francisco, Calif.—Some years ago I examined Anaconda slag 
that had been granulated by pouring into the water launders, and found numerous 
apparent shots of copper in the samples. I took these shots, crushed some and cut 
others with a knife. They were matte coated with a very thin film of metallic copper. 
Odors of H.S and SO, at the slag launders were probably due to superheated steam 
reacting with the matte to produce HS and CuO, the latter in turn reacting with 
matte to form SO, and the films of copper. It is therefore possible that metallic 
copper was present in the first set of samples, and was not due to the rouge used in 
dressing the slides. 


F. F. Coucorp, New York, N. Y.—What bearing does acidity of slag have on its 
copper content? 


C. R. Haywarp.—We did not go into it. Lathe has shown that there is a relation. 
The question of visibility of precipitated sulfides is anyone’s guess. Two thousand 
diameters is a large magnification and the samples were carefully prepared. 


S. Rowe, New York, N. Y.—In my opinion, Mr. Colcord has started the proper 
discussion, as so far we lack the quantitative data necessary to a proper approach. 
We cannot weigh the evidence till we have such data. 


. 
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F. E. Larus, Ottawa, Ont.—If, as some claim, molten slag contains considerable 
copper as dissolved sulfide, much of this may be expected to separate on cooling and 
be found in the solid slag as sulfide particles. The presence of dissolved sulfide has 
probably not been proved, although various workers have referred to it in published 
papers. For example, Wanjukoff, an early worker who wrote a long article in German 
on this subject, is often quoted as authority for the presence of dissolved sulfide. 
Those who take the trouble to read his paper, however, will find that he tried to devise 
a method of determining copper oxide in slag, and failing to do so applied the term 
dissolved sulfide to whatever copper was not present in globules of matte. While 
at the Granby I got strong evidence of the presence of oxidized copper, although 
some copper was always present as matte particles. The nature of the charge was 
correlated with the condition of the copper in the slag; thus when oxidized ore was on 
the charge the oxide content of the slag, as determined by the old sulfuric acid method, 
always increased. The difference between the gold-copper ratios of the matte and of 
the slag furnished a rough check on the method, on the assumption that only matte 
particles carry gold into the slag. Later, improved analytical methods on blast- 
furnace, reverberatory-furnace and converter slags from a number of different smelters 
indicated the presence of oxide copper in widely varying amounts, giving a good cor- 
relation between the laboratory and practice. There was much oxide copper in those 
slags derived in part at least from oxidized ores, whereas those produced under more 
strongly reducing conditions contained relatively less oxide. 

I recently had the opportunity to study the gold-copper ratios of mattes and slags 
relatively high in gold and have again found a much smaller proportion of gold passing 
into the slag; accounted for, in my opinion, by the fact that gold is not oxidized, as is 
copper. While the evidence is not yet fully conclusive, it is my belief that suspended 
matte particles account for some 25 to 50 per cent of the copper in most slags. The 
condition of the remainder may be open to doubt, but it appears that most of it is 
present as copper oxide or silicate. I have never observed metallic copper in slag, 
but have seen both metallic copper and metallic iron in mattes. These metals are 
produced under very strongly reducing conditions. 


C. R. Haywarp (written discussion).—Mr. Maier has made an excellent analysis 
of the conclusions presented in the paper and most of his points are well taken. The 
authors believe that the flotation concentrate, while not necessarily containing all 
the free sulfide particles, should at least have represented in them some part of all the 
forms of sulfide present. The presence of several forms leads to interesting specula- 
tion as to their origins, but such speculation is out of place here. 

In spite of Mr. Maier’s opinion to the contrary, we still believe it is entirely possible 
to have particles of sulfide, precipitated from solution in the slag, of sufficient size to 
be seen under high-power magnification. His final suggestion regarding the impor- 
tance of determining the solubility of sulfides in slag is excellent. If this could be 
done it would throw much light on the subject of copper losses in slags. 

Mr. Lathe’s opinions are entitled to respect, even though we may not agree with 
him. No evidence of oxidized copper was obtained in studying the slags discussed in 
this paper, but we must admit that negative evidence is quite different from positive 
evidence. The numerous particles of sulfide, large and small, visible in the specimens 
examined, gave a distinct impression that all, or practically all, of the copper was 
represented in this form, but obviously no definite statement can be made regarding it. 
With variations in charge, slag composition, furnace conditions, rates of cooling of 
slag samples, etc., it is nearly impossible to get sufficient evidence to make the results 
of any research unqualifiedly convincing. The authors of this paper make no such 
claims. The results are presented as a contribution to the general knowledge of 
the subject. 


Development of Copper Converting at Butte and Anaconda 


By WiuuraMm Ketiy*, ANaconpA, Mont., AND FREDERICK Laist, t New York, N. Y. 


(New York Meeting, February, 1934) 


Tue slow, tedious and costly method of reducing copper matte 
to metallic copper in the reverberatory furnace, commonly known as the 
Welsh process, was displaced by the rapid and inexpensive converter 
process about fifty years ago. The art of refining copper was for many 
generations a carefully guarded secret among the Welsh furnacemen and 


Fig. 1.—Parror CONVERTER. (From Peters: Practice of Copper Smelting, 479. By 
permission of McGraw Hill Book Co.) 


was handed down among them from father to son. An attempt was made 
to apply it at Butte when the smelting of copper ore first started there but 
it proved too difficult and expensive under local conditions, and until 
the introduction of the converter process the entire output of copper was 
shipped to Swansea in the form of high-grade (60 per cent) matte. 

Before the construction of the Manhes converter, attempts had been 
made to reduce copper matte in the bessemer steel converter, but these 
failed, chiefly because the air was blown through the bottom of the vessel. 
The air holes became clogged with chilled copper as soon as the reduction 
started. Manhes partially overcame this difficulty by placing the tuyeres 
in the side of the vessel, some distance above the bottom, thus allowing 
space beneath them for the copper to accumulate. Nevertheless the first 
attempts to operate such a converter at Butte were not successful, 
as no means had been provided for clearing away obstructions, which 
formed to some extent in front of the tuyeres. This difficulty was over- 
come by drilling holes in the outside wall of the air chamber directly 
opposite the holes in the shell and lining, so that these could be punched 


* General Foreman, Anaconda Reduction Works. 
+ General Metallurgical Manager, Anaconda Copper Mining Co. 
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with a steel rod while the converter was in operation, the outer holes 
being kept closed usually with wooden plugs. 

Dr. Peters, who was at that time manager of the Parrot smelter at 
Butte, recommended to the owners the purchase of patent rights on the 


Fig. 2.—STALMANN TYPE OF CONVERTER. (From Borchers: Metallurgy, 98-99. John 
; Wiley & Sons.) 


Manhes converter, and in 1884 an agreement was signed between the 
interested parties. The first copper converter in the United States was 
installed at the Parrot works during this year and commenced operating 
in September. It was a small, egg-shaped vessel, made up of three 


Fic. 3.—Hrxon CONVERTERS, OLD Works, 1893. 


sections bolted together. The tuyeres encircled the lower section and 
pointed toward the center. The stands were constructed so as not to 
interfere with the punching of the tuyeres and the converter was tilted, 
at first by means of a windlass, later by an arrangement of pulleys and 
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belts. The matte was tapped directly from the settler of a 70-ton blast 
_ furnace situated about 8 ft. above the converter floor level. 

This experimental installation was followed by three converter stands 
and a small cupola for remelting matte from the reverberatories, and this 
little plant produced from 114 to 114 million pounds of copper per month 


Fig. 5.—TiILtTIna FuRNACE, ANACONDA, 1897. 


with two converters operating. These early converters were lined by 
hand with a wet mixture of crushed silica and fireclay. The bottom was 
lined first, after which the top sections were bolted on and lined with the 
same mixture made up into balls, which were passed to a man on the inside 
who pounded them into position. The charge of matte to a newly lined 
shell was about 2 tons, which increased to 4 or 5 tons by the time the lining 
nearly worn out. 
Porn 1891 a small converter was built at Anaconda by Otto Stahlman, 
for experimental purposes only, which held about one ton of matte. 
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Fic. 6.—Converter, ANAaconpaA, 1902. 
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It was followed by a plant consisting of five square converters that each 
held about 5 tons of charge after the lining was partially corroded. 
Except for being square in cross-section, instead of round, these were 
similar to the Parrot converters in all respects. There were tuyeres in the 
back and sides. They were tilted by belts and pulleys. There were 


ok eae 


Fira. 8.—GrReEAT FALLS TYPE OF CONVERTER. 


five Fraser and Chalmers compressors, one for each converter. Later an 
air receiver was installed and all of the compressors and converters were 
connected to it. Slag was poured into small pots and wheeled to the 
dump for subsequent reclamation and treatment in a blast furnace. 
Copper was cast into 200-lb. slabs. The plant was subsequently enlarged 
by seven stands, making a total of twelve converters. 


— 
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Fig. 9.—Continued. 


The lining cost was a considerable item of expense and about 1893, 
at Marcus Daly’s instigation, an extended investigation was made under 
the direction of Mr. Hixon with a view to developing a more durable 
lining, the necessary silica being supplied through the converter mouth. 
Many different lining materials were tried but without success. During 
the course of these trials, water pipes were embedded in the lining at a 
depth of about eight inches. As soon as they became exposed, copper 
built up on them and thereafter the charge cooled so rapidly that the 
blow could not be finished. Magnesite was not tried as a lining material. 

Under Hixon’s direction a new plant was built at the Lower Works 
and went into commission in 1894. The plant contained eight round 
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upright converters, 10 ft. high by 6 ft. diameter. Four were added later, 
making a total of twelve. There were also six cupolas for remelting, one 


for every two converters. These converters were connected through a 


flue and dust chamber with a stack on the hillside. They were tilted 
hydraulically and were served by a 25-ton overhead crane. There was a 
lining department, supplied with crushing facilities and tamping machines, 
to which the converters were taken by means of the crane, when they 
required relining. This was quite an improvement over the old method 
of relining by hand with the converter in place. The lining was tamped 
around a core, which could be withdrawn in sections, and lasted consider- 
ably longer than when put in by hand. These converters held from 8 to 
9 tons of matte after partial corrosion, and produced in all about 10,000,- 
000 Ib. of copper per month. : 

At this plant an attempt was made to use a basic lining. A shell 
was lined with magnesite brick and put into operation. The converter 
performed poorly, however, perhaps owing to its small size and the fact 
that the lining was 18 in. thick. After a few trials a suggestion was made 
that the thickness of the lining be reduced to 9 in., but this was not done, 
and the work was dropped. It is quite possible that if this suggestion had 
been followed, and if a little more persistence had been shown, success 
might have been attained and the basic converter might have made its 
appearance on the scene 15 years sooner than it did. It has been demon- 
strated since then that small size alone is no bar to the use of a basic 
lining. Bancroft Gore operated a small basic-lined, hand-tilted converter 
at Gatico, Chile, the size of which was considerably less than the old 
converters at Anaconda. 

One of the important improvements made about this time was the 
Dibblie ball tuyere. It replaced the wooden plugs that were first used 
and the sliding steel caps that followed. Both of these means of closing 
the holes in the wind box were clumsy and wasteful of air because they 
were hard to keep tight and difficult to manipulate. The Dibblie ball- 
valve arrangement enabled punching to be done with a minimum 
loss of time and air. Later individual tuyeres replaced the wind 
box arrangement. 

In 1902 a new converter plant was built in connection with the Washoe 
smelter at Anaconda, containing 13 stands with converters of the hori- 
zontal type, 10 ft. diameter by 13 ft. 6 in. long. They were tilted 
hydraulically, had eighteen 1-in. tuyeres and held from 15 to 20 tons of 
matte. The lining was a mixture of cuprous slimes from the concentrator 
and siliceous ore fines. It was tamped into place in the usual manner, the 
shell being transferred from its stand to the lining department and back 
again by a 60-ton crane. A lining lasted from four to six charges. Its 
life could be considerably prolonged by feeding in siliceous ore but the 
practice was not adopted to any great extent, 


in the cubimiahs ees were Hay with fibendh brick an 

ated successfully as basic-lined converters until they were replaced by 
‘Zi “the e large upright converters of Great Falls design, which are still in use. 

Thirteen small converters produced about 18,000,000 Ib. of copper per 
month, whereas seven large converters produce over 27,000,000 lb. per 
month from matte averaging about 42 per cent copper, including all lost 
time. They have produced 30,000,000 Ib. per month from higher grade 
matte such as can readily be made when circumstances render it desirable 
a to do so. A converter holds about 75 tons of matte at a charge and can 

produce about 85 tons of copper per 24 hr. from 45 per cent matte. 
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Developments in Converting Lead and Copper Matte at 
Tooele 


By B. L. Sacxsrt,* Toortz, Uran 


(New York Meeting, February, 1934) 


THE converting of lead matte is not a general practice at lead smelters, 
therefore a description of the methods used and developments made 
during the past 20 years in converting both lead and copper matte at 
the Tooele plant of the International Smelting Co. in Utah may be 
of interest. — 

The Tooele converting plant consists of five electrically operated 
stands in which are used 96 by 150-in. horizontal, barrel-type converters 
each of about 10 tons capacity. The main converter building is served by 
a 60-ton electric traveling crane and the casting shed by a 30-ton crane. 
Copper matte is tapped from near-by reverberatory furnaces into launders 
that deliver into 8-ton ladles on the converter floor. Lead matte is 
brought from the blast furnaces, about 14 mile away, in 5-ton ladles 
mounted on trucks, hauled by electric locomotives. As the Tooele 
copper plant has never been a producer of much copper, and has been 
irregular in its operation, the original converting plant with its small 
converters has been adequate, although decidedly out of step with large, 
modern plants. Tonnage figures in this paper are for comparison with 
each other only, as they are not at all in line with prevailing tonnages at 
larger plants today. 

The reasons for the changes made in converting practice at Tooele, as 
well as the improvements in the results obtained as these changes were 
perfected, are given in the following pages. 2 


LErAD-MATTE CoNVERTING, 1914 To 1927 


In 1914, Oscar M. Kuchs wrote a paper for the TRANSACTIONS,! 
describing in detail the lead-matte converting methods at Tooele up to 
that time. The method perfected only a few months before Mr. Kuchs’ 
paper was written consisted, briefly, of blowing the lead matte alone, 
without the addition of siliceous fluxing ores, to a point where the lead 
and zinc were largely eliminated by volatilization. During this period 


* General Superintendent, International Smelting Co. 


10. M. Kuchs: Lead-matte Converting at Tooele. Trans. A.I.M.E. (1915) 
49, 579. 
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of blowing it was sometimes possible to skim from the converter a small 
amount of high-iron slag, but usually this was not done; instead, the 
entire remaining charge, very high in iron and copper, was transferred at 
the end of this period to another converter containing copper matte, where 
it was blown, with the addition of siliceous ore, to blister copper. The 
fume in the gases from the lead converters was recovered in a baghouse 
containing 960 woolen bags, 18 in. in diameter by 30 ft. in length, served 
by a No. 20 Sirocco fan of 80,000 cu. ft. capacity. The bags were cleaned 
by the reverse current method of shaking. 

For a period of about 13 years, or until the apring of 1927, this method 
of converting lead matte was used with generally satisfactory results. 
The one outstanding difficulty during these years was the high tempera- 
ture too often existing in the gases going to the baghouse, which caused 
considerable interruption in blowing the lead matte. The only time at 
which two lead converters could be up together was when one was just 
finishing and the other just starting the blowing of a charge, as both of 
these periods of blowing were comparatively cool. This, of course, was 
largely caused by insufficient length of flues, or other gas-cooling provi- 
sions, between the converters and the baghouse. 

During most of this time the copper-converter gases were handled 
through a separate flue system where they were cooled and humidified 
with water sprays in an acidproof brick chamber and subsequently 
treated in a pipe-type Cottrell precipitator. 

With this kind of lead-matte converting, several points of particular 
interest should be brought out: 

1. In blowing without the addition of silica there was a period, about 
two-thirds through the blow, when the converter gases became very hot, 
making it difficult, even when blowing only one converter, to keep the 
temperature of gases cool enough (215° F.) to be safely handled through 
the baghouse. This accentuated the hot-gas troubles due to mechanical 
limitations, causing delays in operation. 

-2. The tonnage treated per converter day in both lead and copper 
converters was considerably lower than it has been during the past few 
years, since lead and copper matte have been blown together and rela- 
tively large amounts of siliceous ores used. (The total tonnage of hot 
and cold matte, “dope” and siliceous ore treated in 1926 was about 
110 tons per converter day, whereas in 1931 this was increased to 143 tons, 
or an increase of 30 per cent. ‘The amount of siliceous ore treated per 
average lead-plus-copper converter day increased from 10 to 25 tons, 
which in itself accounts for nearly one-half of the total increase.) The 
reasons for this low tonnage when blowing lead matte without siliceous 
ore were a very long converting time in the lead converter (2 hr. for partly 
blowing a charge of about 10 tons of lead matte) and considerable addi- 
tional time in blowing the heavy, iron, residual material with copper matte 
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in the copper converter after this material had lost a good deal of its heat 
during the process of transfer from the lead to the copper converter. 

3. Much of the slowness in blowing in the lead converter was due to 
the difficulty in keeping the tuyeres open; much punching was required 
and even then there was a marked tendency for tuyeres to blind. 

4. Because of the large amount of magnetite formed in the lead 
converter, transferred to the copper converter and never completely 
slagged with siliceous ore in the latter, considerable difficulty was encoun- 
tered in granulating the copper-converter slag, which was the practice 
for many years. This slag granulation was generally accompanied by 
violent explosions of magnetite, which often caused considerable damage 
to the granulator. The magnetite made slow granulation necessary 
and this in turn caused the formation of much shell in the granulator 
pot and launders, which was costly to handle and crush. 

5. The presence of considerable amounts of magnetite in the con- 
verter slag made it impractical to treat this slag hot in the reverberatory 
furnace, as the magnetite would segregate in the bottom of the furnace 
and cause the usual troubles, making it impossible to get the full fluxing 
value from the iron in the converter slag. Because of this trouble in 
the reverberatory furnace, the converter slag was granulated and used at 
either the lead or copper plants as fluxing conditions demanded. When 
treated at the copper plant, the granulated converter slag was mixed as 
an integral part of the roaster charge and was fed to the reverberatory 
furnace as calcine. This method of handling, while costly, seemed to 
avoid much of the trouble from magnetite in the furnace that occurred 
when the converter slag was returned hot, and made practically all of 
the iron in that slag available to flux the siliceous ores in the roaster charge. 

6. The high-iron residual material transferred from the lead to the 
copper converter not only contained much magnetite but also much cop- 
per. In the slagging of this residual material in the copper converter it 
seemed impossible to make a converter slag properly clean in copper and 
free of magnetite. As there were long periods at a time when the granu- 
lated converter slag was used at the lead plant, the presence of too much 
copper in this slag was particularly undesirable. This was really the 
primary cause for investigations, which in the last four or five years of 
this copper-plant operation completely changed the converting practice. 
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Siuickous ORE in Leap CONVERTING 


In 1927 it was decided to change the lead-converting practice by 
adding some siliceous ore to that matte in the same manner as in the 
converting of copper matte and, after skimming off the slag, blow to 
white metal in the lead converter; later combining this white metal with 
that made from copper matte to finish to blister copper. The average 
of both the lead-converter and copper-converter slag contained about 
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17 per cent SiO, during this period. At the same time, in order properly 
to protect the woolen bags in the baghouse from any acid in the lead- 
converter gases, the Sprague process, in which dehydrated lime is added 
to these gases just before they enter the baghouse, was used. In the 
former process, where no siliceous ore was used, the fact that the zine 
in the lead matte was volatilized as ZnO instead of being slagged with 
silica provided the necessary neutralizing agent for free acid in the 
baghouse bags, and always provided very satisfactory protection. With 
the use of siliceous ores, however, much of the zine went into the con- 
verter slag, leaving an insufficient amount volatilized to protect the bags 
and making the use of lime necessary. The use of siliceous ores in the 
blowing of lead matte was beneficial in several ways; particularly in 


decreasing the time of blowing, materially reducing the amount of. 


magnetite and thereby copper in the converter slag, and reducing the 
proportion of shell to granulated converter slag. The copper assay of 
the converter slag treated at the lead plant was decreased by 3.5 per cent 
in early 1927 by the use of some siliceous ores in the lead converter. This 
fact alone fully justified the change, as much copper that formerly had 
been recirculated through the lead plant at high cost now found its way 
directly to blister copper. During this period (March, 1927, through 
June, 1928) the converter gases were handled the same as before; the 
lead gases were treated in the baghouse and the copper gases in the 
Cottrell treater. 


Lime as NeEuTrRAuizING AGENT IN CoPpPpER CONVERTING 


After observing for several months the satisfactory handling of the 
acid in the lead-converter gases by means of the Sprague process at the 
baghouse, experimental work was done in a small baghouse to determine 
with what success the copper-converter gases might be neutralized by 
the use of lime. The reasons for this investigation were the unsatisfactory 
results being obtained at the converter Cottrell treater where recoveries 
were none too satisfactory, and cost of upkeep, owing to excessive corro- 
sion as a direct result of necessary humidification of gases, was extremely 
high. The results of these tests indicated that it was quite feasible to 
properly neutralize our copper-converter gases for baghouse treatment 
without the use of excessive amounts of lime. The same baghouse that 
had been used for years for lead-converter gases only was equipped with 
mechanical bag shakers, as well as with a fan of larger capacity, and was 
used to treat all the gases from both lead and copper converters, starting 
in June, 1928. The use of the Cottrell treater was entirely discontinued. 
The combined converter gases were now carried through a much longer 
flue system than the old one had been. This increased fan capacity, 
improved bag shaking and additional length of flue, in connection with 
the use of the old Cottrell humidification chamber where excessively hot 
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converter gases could be cooled with water sprays, made it possible 0 
treat much larger gas volumes and dust load in this baghouse without — 
any material delay due to high temperature. Also, lead and copper 
matte could now be blown together in any proportion in the same con- 
verter, which increased the time efficiency of the whole converting opera- 
tion as a result of fewer delays in waiting for one particular kind of matte. 
With this type of converting and all the gases treated in the baghouse, 
about 100 lb. of lime was used per hour when blowing three of the 10-ton 
converters on lead and copper matte. As this lime costs about $0.85 
per 100 lb. delivered at this plant, and is mechanically fed into the con- 
verter flue almost without expense, the cost for such neutralization is but 
little over $0.06 per ton of matte, with small converters treating 414 tons 
of matte per converter hour. While the amount of lime used does not 
by any means neutralize all of the acid in the converter gases, it does 


neutralize any acid that collects with the fume and dust in the bags, and ~ 


thereby satisfactorily protects the bags. ; 


INCREASE IN AMOUNT oF SiLICEOUS ORE 


The last change made in the converting practice was early in 1930, 
when a decided increase was made in the amount of siliceous ores used 
at the converters and a consequent increase in the silica content of the 
converter slag produced. This was done when converting a mixture of 
50 to 65 per cent copper matte and 35 to 50 per cent lead matte, the former 
containing about 30 per cent Cu and the latter about 14 per cent Pb 
and 10 per cent Cu. The converter slag produced in the last six months 
of 1929 contained about 20 per cent SiO. whereas in 1930-1931 it con- 
tained about 28 per cent SiO.. When making the former, lower silica 
slag, these converters treated about 105 tons of copper and lead matte 
per converter day and about 19 tons of siliceous ore. When making a 
28 per cent SiO: converter slag, the same amount of matte was blown per 
converter day, but the amount of siliceous ore treated was increased 
from 19 to 25 tons per converter day. These data show that, with an 
approximately constant unit cost, the additional 6 tons of siliceous ores 
treated per converter day took practically no additional converting cost. 
The 20 per cent SiO. slag contained a little less than 3 per cent Cu and 
about 3 per cent Pb, whereas the 28 per cent silica slag was somewhat 
lower in copper content and somewhat higher in lead content; the totals 
for the two metals being very nearly the same in both cases. The higher 
lead content was due largely to the fact that the copper matte in the 
latter period contained more lead than in the former period, 
to the change in amount of siliceous ores treated at the 
Under similar operating conditions, 
assay of the higher silica converter s] 


rather than 


converters. 
we believe that the lower copper 
ag more than compensates for the 
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additional amount of slag produced, thus somewhat decreasing the total 
amount of copper recirculated in converter slag. 

The reason for this change in practice in 1930 was a change in our 
lead-smelting and copper-smelting operations which required the treat- 
ment of most of the converter slag at the copper plant rather than at the 
lead plant. Developments in practice at other copper smelters had 
clearly shown that a sufficiently high-silica, magnetite-free, converter 
slag could be successfully and economically treated hot in a reverberatory 
furnace treating a regular calcined charge, and full fluxing value of the 
iron in the hot converter slag could be obtained. Our experience fully 
justified this view, as we were able to treat as much or slightly more 
calcined charge per furnace day at the reverberatory furnace in addition 
to the hot converter slag as we had done before returning this hot slag 
to the furnace. Also, full fluxing value of the iron in the converter slag 
was obtained and reverberatory slags were as clean as ever. Thus by 
the use of more siliceous ore in the converters at practically no additional 
cost the reverberatory furnace capacity for new material was increased 
by 15 to 20 per cent and the expense of granulating, handling and “‘roast- 
ing” about 75 tons per day of converter slag was avoided. 

Table 1 shows converter data by months for the eight months of 
operation in 1931, during which period a high-silica converter slag was 
produced. 


HANDLING CONVERTER GASES 


As briefly described above, one of the important developments at this 
converting plant was the method of handling the gases from the con- 
verters. When operating under the original plan of handling only lead- 
converter gases at the baghouse, a No. 20 Sirocco fan driven by a 75-hp. 
motor was used to deliver a volume of about 80,000 cu. ft. per minute 
against a 214-in. static head to the 960 bags. These bags are 18 in. in 
diameter and 30 ft. long, but when hung by the old method (gathered 
near the top and tied to a metal ‘“‘stirrup”’ hanger), the effective filtering 
length was only equivalent to 27 ft. The effective filtering-bag area 
for the baghouse was 122,150 sq. ft. When handling 80,000 cu. ft. of gas 
per min. there was 0.65 cu. ft. per min. filtered per square foot of bag 
area. ‘The fume recovered per square foot of effective bag area per day 
averaged about 0.35 lb. under these conditions, or nearly 45 lb. per bag 
day. During this period the gas pressure in the bags was kept under 2 in. 
of water by shaking three or four times each shift. This shaking was 
accomplished by the reverse-current method, in which the gas flow was 
shut off from one pit at a time and a suction fan used to collapse the bags; 
the alternating inflation and deflation loosening the fume in the bags and 
permitting it to drop into collection pits below the thimble-floor. The 
life of woolen bags under this kind of operation averaged 214 years, 
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which was satisfactory under the conditions. The cost of bags per ton 
of fume filtered and recovered was about $0.70, based on the average cost 
of the woolen bags at that time—about $12 each. 

After the converting practice was changed in 1928 to make it possible 
to blow lead and copper matte together, the same baghouse had to handle 
greatly increased volumes of converter gas, as well as greater dust loads. 
This was accomplished by four means: (1) The flue between converters 
and baghouse was lengthened from about 300 ft. to over 800 ft., including 
a brick humidification chamber 645 ft. ahead of the baghouse, in which 
high-pressure water sprays could be used to cool the gases when tempera- 
tures were too high. (2) The old fan was replaced with a new design 
No. 17 Sirocco fan capable of delivering 200,000 cu. ft. against a static 
head of 4 in. of water. This fan is driven by a 175-hp. motor. (3) The 
baghouse was equipped with mechanical shakers, replacing the old 
reverse-current method of shaking. (4) Top ‘‘thimbles” were installed 
on all bags, replacing the old method of bag suspension with one that 
permits each bag to hang from top to bottom in cylindrical form and 
does away with the top folds that existed with the former method of 
suspension. The installation of these top “thimbles”’ increased the 
available filtering area of these bags by over 7 per cent, or from 
122,150 sq. ft. to 131,400 sq.ft. These top thimbles were installed mainly 
to lengthen bag life with the operation of mechanical shakers, as this type 
of shaking was found to be very hard on the bags when they were hung 
by being tied over stirrup hangers, the bag material wearing with 
undue rapidity on the overlapping folds near the top. The use of these 
thimbles had the desired effect of materially increasing bag life as 
well as available filtering area. 

Since these changes were made this baghouse will handle approxi- 
mately 145,000 cu. ft. of gas with an average pressure in the bags of 
216 in. of water. This is accomplished by mechanically shaking the bags 
five or six times each shift. With the present available filtering area of 
bags at 131,400 sq. ft., the gas filtered per square foot of effective bag 
area per minute is slightly over 1.1 cu. ft., or about 70 per cent more than 
it was before the changes were made. The fume recovered per square 
foot of effective bag area per day, with normal operations, now averages 
nearly 0.4 lb. (or about 50 lb. per bag day). 

Considered in all phases, these developments in operating practice and 
gas-handling methods at the Tooele converting plant have resulted in 
considerable increase in efficiency and saving in operating cost. 


The Messina Stationary Basic Copper Converter 


By R. G. Knickersocker,* Rotua, Mo. 


(New York Meeting, February, 1932) 


Tue copper smelter and refinery of The Messina (Transvaal) Develop- 
ment Co. Ltd., at Messina, South Africa, was erected in 1920 and 1921, 
but initial operations were deferred until late in 1922 on account of the 
collapse of the copper market in the interim. 

Because the anticipated production was to be only 20 tons of copper 
per day from a high-grade matte containing 60 per cent copper, and 
because the ore did not contain gold or silver in quantities sufficient to pay 
for separation from the copper bullion, it was decided to design the plant 
along lines quite different from the modern smelteries treating large 
quantities of sulfide ores carrying appreciable amounts of gold and 
silver. The plant was built, therefore, for the production of copper by 
the Nicholls-James process. By this method two-thirds of the copper 
matte produced was roasted in a Merton calciner and charged into a bath 
of the remaining one-third portion of unroasted mattein a reaction furnace. 

The original design was not only novel in providing for the Nicholls- _ 
James process, but also in comparison with new plants built elsewhere, 
because of factors inherent in the locality. Sources of supply for machin- 
ery were very remote; it takes three months after the placing of an order 
to accomplish delivery of machinery into Messina from the United States. 
Native labor was available at 30 to 40¢ per 8-hr. shift. These factors 
permitted plant design which provided no overhead cranes, no matte 
ladles, no slag pots or other usual mechanical means of transportation 
between departments. The design resulted in a compact simple plant 
with furnaces arranged close together and terraced so as to provide for 
gravity transfer of molten material from one furnace to another and for 
manual disposal of products. Fig. 1 shows the relative location of 
furnaces. The three furnaces are parallel on successively decreasing 
elevations. A superimposed feed floor was provided above the furnaces. 
All three furnaces were provided with coal-dust burners served from a 
Bonnot system of coal-dust transportation, and the waste gases were 
discharged into waste-heat boilers. 

A short trial of the Nicholls-James process developed several facts 
which brought about a decision to abandon the process. Owing to the 


* Engineer in charge of erection at Messina, 1920-1921; Chief Metallurgical 
Engineer in charge of operation, 1923-1926. 


140 


ee. lll 2 i ae Dk ee ee eee ae 


R. G. KNICKERBOCKER 141 


percentage of iron in the matte the plant provided insufficient calcining 
capacity and insufficient smelting capacity in the reaction furnace, so 
that no more than 100 tons of copper per month was produced instead 
of the amount for which the plant had been designed. 
In first attempting to depart from the Nicholls-James process, we 
z tried to blow-the matte to white metal and then to blister copper by 
the use of protected blowing pipes inserted through the side door of 
No. 2 furnace, and into the bath. Two types of protected blowpipes 
were used. In the first trial the pipes were covered with refractory 
sleeves made of fireclay and also of magnesite. Inthe second attempt, oil- 
a cooled sleeves were installed over the blowpipes. In both of these experi- 
; ments the splash of slag and metal which accumulated on the pipes was so 
serious that it was decided to attack the problem in a different manner. 


 — 
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Naturally, consideration was given to the proposal to adopt standard 
converting methods, but after contemplating the purchase of a rotat- 
ing or tilting converter shell and of accessory cranes, ladles, ete., it 
was decided that time and money would be saved by developing a 
stationary converter from one of the existing furnaces. No. 2 reverbera- 
tory, the reaction furnace of the Nicholls-James process, was selected for 
remodeling into a stationary converter. It is the primary purpose of this 
paper to describe the design, operation and economy of the whole smelting 
and refining practice that resulted. 


THEORY AND PRINCIPLES 


The feed to the smelter consisted of a supply of flotation and gravity 
concentrates containing: 10 to 12 per cent H.O, 37 per cent Cu, 12 per 
cent S and 14 per cent Fe. Obviously a high-grade matte would result 
and, as stated above, there was insufficient gold and silver to make 
electrolytic separation worth while. The problem, therefore, was that of 
converting small volumes of matte which would be of high grade, both 
conditions being disadvantageous for maintaining sufficient temperature 
without the use of extraneous fuel. An incidental problem was to 
transfer the small volumes of matte and blister copper with a minimum 


amount of solidification duriag the transfer. The problem was solved, as 
described below, using only the previously existing furnaces, and resulted 
insmelting and refining practice according to the accompanying flow sheet. 


Flow Sheet at Messina 


CONCENTRATE 
H 20 Cu Ss Fe 
10-12% 31.0% 12.0% 14.0% 


Coal Dust 


4 Burners—5In. 


No.1 Reverberatory Furnace for Production of Matte 

Sla Molten Matte : | 
cu FSid, Guz GOR Gates 
0.6% 39.0% | 


Sand Molds Launder 


Waste Bop: Coal Dust 
One 4-in Burner 
eet 


No.2 Reverberatory Furnace -Stationary Converter 


Sla Molten Gases 
Blister 

Cu = Si02 Copper 

1.0% 25.0% 

je fle 


Sand Molds Launder Coal Dust 
wo 4-in.Burner: 


No.3 Reverberatory Furnace- Refining Furnace 
Slag B Gases 


Sorted Sorted Refined 


Metallics _Sla Copper Waste-heat Boilers 
Steam Equivalent —_Chirnney 
to 35 %o of Coal 
Consumed 


DrsIGN AND CONSTRUCTION 


Obviously, the major problem in remodeling No. 2 furnace into a 
stationary converter was that of providing air-blast tuyeres which could 
be easily plugged when it would be necessary to interrupt the flow of 
air while the tuyere apertures were still submerged under a bath of 16 to 
18 in. of molten metal. 

No. 2 furnace as originally built had a 9-in. magnesite inverted 
arch hearth with 13-ft. radius superimposed upon a 12-in. silica brick 
“first’’ bottom, which was laid on firebrick and fireclay. The refractories 
were underlaid by a concrete slab 18 in. thick supported by a bed of 
coarse broken slag 2 to 3 ft. deep, laid down on bedrock. ‘The furnace 
hearth was 11 ft. wide by 15 ft. long. The roof arch, at the burner 
end, on the longitudinal center line was 6 ft. above the magnesite bottom 
and sloped downwards toward the gas uptake, at which point it was 
3 ft. above the bottom. The roof arch and the side walls above the metal 
line were of silica brick, while below that point the side walls consisted 
of a silica-brick casing with an inside lining of 9-in. magnesite brick. 
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Fig. 2.—DETAILS OF OIL-COOLED TUYERE PLUG. 


144 


The buckstays were of steel 8-in. H-beams and were tied across the top of 
the furnace by steel rods, while the bottom ends were held by reinforced 
shoulders of the concrete slab. All the magnesite and silica brick 
used in construction were imported from the United States. No difficulty 
was ever experienced with any bottoms. 

The remodeling consisted of the removal of the burner wall of No. 
2 furnace from the metal line down to the top of the silica first bottom 
and the substitution of the tuyere wall backed up by a steel tuyere plate. 
While 14 tuyeres were first installed it was soon found that 7 gave better 
action and stronger wall construction. The tuyeres were 1}4 in. at the 


_ discharge aperture of the new tuyere pipe. The tuyeres were served from 


a 7-in. dia. air main, connection being made to each tuyere pipe through a 
standard Dibblie ball valve. The valves were mounted on I-beams, but 
were free to move to accommodate themselves to the expansion and 
contraction of the furnace. 

The tuyere problem was solved by the design and development of 
oil-cooled plugs to be inserted into the tuyeres before the air pressure is 
reduced. This is shown in Fig. 2. Steel pipes, swaged down on a man- 
drel to the tapered shape, were built into the refractory wall. The oil- 
cooled removable plugs consisted of two concentric tubes; the inner 
one being a 34-in. brass tube for the incoming oil and the outer one a 
length of seamless steel tubing, also swaged down on a mandrel to the 
required taper and having the end closed by welding. Welding practice 
was not very good at Messina and one or two defective plugs resulted. 
At first ordinary lap-weld steel pipe was used for the outer wall of the 
oil-cooled plug, but it was found that these lap joints would open on 
account of the difference in temperature inside and outside of the wall 
at the point of contact with the molten bath. The resulting leak of oil 
into the bath made an oil burner out of the oil-cooled plug and, as the 
ruptured plug always stuck, a few runouts of metal occurred and the 
change to seamless tubing was therefore made. 

The oil-cooled tuyere plug necessitated accessory apparatus: there 
being provided an oil-circulating system consisting of an oil pump, water- 
cooled “heat exchanger” and pump, strainers, sight flow feeders, and 
inlet and outlet piping to and from the plugs. The plugs were connected 
by 6 ft. of flexible metallic tubing to the swinging inlet and outlet piping 
8 ft. back of the ball valves. The lengths of piping dropping from the 
charge floor to the converter floor were connected by ball and socket 
joints. The plugs hung on a rack when not in use. It was necessary 
to supply 10 to 12 gal. of oil per minute at 8 lb. pressure per square inch 
for circulation through each plug when in use. With this flow one could 
grip for a short time in the bare hand the oil-cooled plug just outside 
the ball valve when the plug was in service, even at the time of maximum 
heat. The oil originally used was ordinary fuel oil, which had a low 
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flash point and carbonized on the walls of the plugs, forming a noncon- 
ductive coating which allowed overheating of the walls and caused their 
ultimate failure and consequent leakage of oil into the furnace. This 
oil was replaced by a thin oil known as Velocite C, with a flash point of 
over 300° F. and a cooling capacity twice that of the fuel oil originally 
used. During the last two years that the author was in charge of opera- - 
tions, no trouble was experienced from leaky plugs and no runouts occur- 
red. We did try using steam for the cooling medium but became dubious 
about this method on account of the possibility of scale forming in the 
inner space between the inlet and outlet walls at the “hot points.” 

The tuyere pipes were horizontally installed and the plane of the 
row of tuyeres was 12 in. above the magnesite bottom at the center, 
but as the bottom was an inverted arch the outside tuyeres were only 
7 in. above the magnesite bottom. 

The skimming door was in the end of the furnace opposite the tuyere 
wall. The tapping hole was also at the skimming end, 15 ft. from the 
tuyeres. In plan, the hearth of the furnace wasrectangular. A charge- 
hole was provided for quartz flux at a point 3 ft. in front of the tuyere 
wall, this material being fed down through a chute from the charging floor. 


OPERATING PRACTICE 


The operation of a stationary converter made it a matter of prime 
importance to avoid the flooding of tuyeres with molten bath. This 
contingency made it necessary to install an electrical signaling system 
between the power house and smelter to insure prompt and accurate 
air-blast control. The siren system employed permitted the repeating 
of signals back to the originator. 

The cycle of operations in the stationary converter is as follows: 
The furnace being empty and heated to approximately 1000° C., the 
tap-hole plugged, tuyeres reamed, oil circulating properly and oil-cooled 
plugs inserted up to the marks, the power house is signaled to start the 
converter compressor and to stand by ready to give full capacity of air. 
Keeping the air pressure at 3 lb. per sq. in. on the gage at the tuyere 
windbox, the molten matte is transferred into the converter through a 
tamped sand launder from the matte furnace. As the matte rises above 
the ends of the plugs in the tuyeres, the air blast continues for a minute 
or so, but gradually ceases as the tuyere apertures are curtained off by the 
formation of a thin shell of frozen matte. When sufficient matte is 
transferred the tap-hole is plugged with clay and the power house is 
signaled that all is ready for opening the tuyeres. As soon as receipt of 
the signal is acknowledged, the main air valve is fully opened, all oil- 
cooled plugs are pulled out and hung on the rack out of the way of the 
tuyere punchers. The tuyeres are then all punched until they are blow- 
ing freely. The maximum bath level is 18 in. over the level of the tuyere 
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apertures and the corresponding pressure on the wind box is approxi-— 


mately 7-8 lb. per sq. in. About 15 min. after the blowing begins the 
coal burner is shut off, as the furnace reaction heat is sufficient to main- 
tain the temperature after the reactions have been well started. Quartz 
flux is added through the port 3 ft. in front of the tuyere wall. When the 
iron of the bath has been oxidized and slagged, the tuyeres are reamed, 
the oil-cooled plugs are inserted up to the predetermined marks (the 
positions of which vary according to the wear of the furnace lining at the 
tuyere line), and the air pressure is gradually brought down to 3 lb. per 
sq.in. As the plugs are inserted into the tuyeres, the air blows through 
between the plug and the walls of the tuyere pipe, but a minute or so 
after the pressure is cut to 3 lb. the ends of the plugs are closed over with 
a thin scab of frozen metal, thereby sealing the tuyeres. The 3-lb. air 
pressure is maintained during this nonblowing period. Most of the 
converter slag is then run off by cutting down the clay breast at the 
skimming door and the remainder is rabbled off. The slag is run into a 
sand bed away from the front of the furnace. After skimming, another 
charge of matte is transferred from the matte furnace and the cycle is 
repeated until the converter is full of white metal. The blow from white 
metal to blister copper takes more punching to keep the tuyeres open 
and is deficient in heat from the reaction, so that during the last hour of 
this blow the coal burner is kept burning at full capacity. The finished 
blister copper is transferred from the converting furnace into the refining 
furnace without intermediate casting or solidification, the transfer being 
made through a tamped sand launder. | 

Before beginning another cycle of operations (and, in fact, before 
plugging each time) it is necessary to ream out the tuyeres to remove 
an accumulation of matte and copper which creeps back into the tuyeres 
and is not completely removed by the regular punching operations. 
This operation is accomplished with a long handled tool-steel reamer. 
Each day the positions of the marks on the tuyere plugs are revised to 
conform with the progressive wear of the furnace wall and the plugs are 
inserted into the tuyeres up to these marks. A special jackscrew is at 
hand for pulling plugs which stick badly. A quarter turn on an 18-in. 
handle at right angles to the pipe ordinarily is sufficient to loosen the 
plug. The plug ends are coated with graphite, bone ash or lime before 
each insertion. 

When refractories are imported from the United States, the repairs 
are not heavy. The original 12-in. silica roof arch lasted only a 
short time and was replaced by a 9-in. arch of magnesite brick. This 
humped and buckled badly but held together because of the slag and 
metal absorbed. This roof is patched when necessary by laying in new 
bricks over a steel plate supported on chains and may be accomplished 
between charges, so that little tonnage is lost on account of arch repairs. 
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The tuyere wall averaged 2500 tons of blister copper before being renewed. 
The renewal period required five days. No other repairs were needed 
on side walls or elsewhere during the author’s supervision. 

This is the only installation of which the writer has knowledge of 
converter gases passing through waste-heat boilers. These gases combine 
with those of the matte and the refining furnace and go through the same 
boilers. There has been no boiler trouble. Approximately 35 per cent 
of the fuel burned in the furnaces is recovered in the form of waste-heat 
steam, in spite of the small size of the furnaces and consequently larger 
proportionate radiation losses. 

There are no detrimental impurities in Messina blister copper which 
prevent it from being fire-refined to a quality that meets the A. S. T. M. 
specifications, but production of this quality was not realized except for 
occasional, long-time charges, because during the Nicholls-James opera- 
tions calcines and raw matte were smelted in the No. 3 refining furnace 
and the bottom absorption of sulfur and iron prevented cleaning of the 
bottom and made it impossible to obtain a clean low-set button. This 
magnesite bottom was saturated with matte and blister down to the last 
inch of depth. The author has always felt that this should have been 
replaced by a silica bottom, and that two or three 114-in. tuyeres with 
oil-cooled plugs, if installed in the end wall 12 in. below the metal line, 
would have made possible a saving on blowing time and pipe and the 
production of higher grade copper. The ordinary blowing of this molten 
blister bath through side doors in the refining furnace by the use of 
34-in. bare iron pipes inserted into the bath takes three times as long 
as a remelted blister bath. 

The operating force is composed of local native labor and white fore- 
men. None of them ever saw a smelter or refinery before they worked 
at Messina. 


TaBLE 1.—Treatment and Production at Messina 


Dry, Daily Copper Con- Wet Charge per | Ingot Copper 
Ears to Daatto | Total Goal'| eentratoe,|- Ton Dry Coal, | Toure’ | Beran 
Tons” ¥ Per Cent | Tons | Month 
| | | | 
80.0 beameecO: gu jui87.0!!) | 4.0 625.0 95 plus 
| | 
Costs 


As already stated, native labor is available at 30 to 40¢ per 8-hr. 
shift. White foremen are paid $150 per month. This is taking the 
pound sterling at par value. Coal costs $6 per long ton delivered at the 
railroad siding. ‘Total smelter and refinery costs for the last half of 
1925 were approximately $30 per ton of ingot copper produced. ‘This 
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cost covers the operations from unloading concentrates to and including 
loading of ingot copper into railroad cars. It does not include taxes 
or depreciation. ; 


CONCLUSIONS 


1. The revised Messina practice demonstrates that high-grade copper 
matte can be economically converted to blister copper in a stationary 
converter with the intermittent use of additional heat and without the 
use of machinery in the usual standard converting practice. 

. 2. Refined copper meeting A. 8. T. M. specifications can be produced 
from molten Messina blister copper without allowing it to solidify before 
charging to the refining furnace. 

3. The Messina practice is good for small or medium sized copper 
producers where the available labor is very cheap and not highly skilful. 

Mr. A. B. Emery, General Manager of the Messina Co., deserves 
considerable credit for this economical metallurgical plant and for his 
ability to inspire his men to unusual application. In spite of high mining 
costs, high fuel costs, with machinery and supply replacements being 
imported from the United States, and with a production of only 20 tons of 
copper per day, he has, for the past eight years, competed with the costs 
of some of the larger producers in the western United States. 


DISCUSSION 


(Francis R. Pyne presiding) 


C. R. Kuzut, Clarkdale, Ariz. (written discussion)—Mr. Knickerbocker’s paper 
is interesting not only because it records the successful solution of the problem con- 
fronting a small copper producer and because the result was obtained at a favorable 
unit cost, but also by reason of the disclosure of several interesting features in smelt- 
ing practice. 

Almost every smelterman has contemplated the problem of applying tuyeres to a 
nontilting or rotary furnace. The success attained at Messina will undoubtedly 
stimulate engineers to reopen projects temporarily laid aside because such projects 
depended upon the application of tuyeres for the injection of air or gases into the bath 
of a stationary furnace. The oil-cooled tuyere plug evidently did not cause any 
disasters as the use of water might havedone. Mr. Knickerbocker said that the failure 
of the oil-cooled tuyere plug resulted in a flare of oil flame in the furnace. This 
suggests the substitution of oil instead of water in fluid-cooled furnace parts, particu- 
larly where there is danger attendant upon the failure of a water-cooled device in 
contact with or adjacent to a molten metal bath. 

The fact that the converter gases pass through waste-heat boilers and that no 
trouble was encountered is also good news to the metallurgist who has wanted to try 
sucha scheme. Unfortunately, at Messina the converter gases apparently discharged 
into a flue common to the other furnaces served by the waste-heat boilers, therefore 
no data are given on the yield of waste-heat steam from the converting process itself. 

The most recent practice in the smelting of concentrates indicates a strong trend 
toward feeding the wet concentrates directly to the reverberatory furnace for the 
production of matte. The revised Messina flow sheet (p. 142) indicates that concen- 


trates containing from 10 to 12 per cent of moisture were fed directly to the reverbera- 
tory furnace. 


Smelting Copper Concentrates in a Converter 


By Grorce E. Bravers,* CoppErHiLL, TENN. 
(New York Meeting, February, 1934) 


Unper the title used for this paper, the converter practice of the 
Tennessee Copper Co. is described in the TRansactions of the Institute.! 
That article contains the following statement: “The limit in capacity 
of the Peirce-Smith converter in terms of concentrate has not been 
reached but approximately as high as one ton of concentrate has been 
handled for each ton of liquid matte charged and good working conditions 
have been maintained.” 

It is not the intention of the writer to review the conditions leading 
up to the introduction of a Peirce-Smith converter at Copperhill, but, 
instead, to offer later data to show how satisfactory the installation 
has been. 


CONVERTER CAMPAIGN, JUNE 15, 1930 To Auaust 23, 1931 


Blowing time (converter days)............... 349.90 
eprter oo oa e Cio. GLE a eee gearohe oO eae 427.00 
Tons. QiAGbe CHSTROUs Sonate a trey cots deh aes 38,335.00 
Copper assay of matte, per cent.............. 13.67 
Tons blister copper:made...........006..0.45 9,246.00 
Time to blow one ton of copper, minutes...... 54.50 
ig Wiser mer Tasmete, CMs floss sh. + od 5 iepaene p 12,500.00 
Digst pressure, Dis) AMPs PC ORR ee 12.80 
mir per con copper, CU. Ttes.. i, 2. 681,330.00 
AGT WEP GOD IOs CU baw cen cient eee hh sin a » 199,040.00 
OP OTE TS Sea c x OP Ie re OEMs... 11,845.00 
Tons nux per ton mations SS ET. 0.31 
OuSsuMFEPEL TOM COPPCT swe ccs cige Sule. as sees 1.28 
POnSLOUS PEPTON ANTONE. costitimints ose chic oes 0.37 
Tons concentrate treated...........000.2006- 28,960.00 
Copper assay of concentrate, per cent......... 17.13 
Tons concentrate per ton matte............+. 0.76 
Tons material charged per converter day...... 235.70 


*In charge of research, Tennessee Copper Co. 
1F. J. Longworth: Smelting Copper Concentrates in a Converter. Trans. 
A.I.M.E. (1925) 71, 969. 
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Slag Disposal per Converter — 


be ‘stathy 7 
_ Tons liquid slag poured into blast-furnace settler... 119. 90 
Tons converter slag skulls smelted in blast furnace — 46 100 ; Sie ' 


Total tons converter anauturns rina Sale 3 4665000 Sie 
Slag Losses 


Total settler slag averaged about seven parts of furnace slag at 0.27 — 


per cent copper and three parts of converter slag, the combined slag 
assaying 0.35 per cent copper. The copper loss in converter slag was 
approximately 22.0 lb. per ton iron in charge, or 8.0 Ib. copper per ton 
of concentrate smelted, with concentrate of this grade, the net copper 
recovery after allowing for dust losses was 97.0 per cent. 


Ratio of Concentrate to Matte 


This campaign represents the highest concentrate to matte ratio 
yet maintained; that is, considering the length of the campaign. Below 
is the ratio of concentrate to matte by years: 


YEAR Ratio YEAR Ratio YEAR Ratio 
1925. Sse ae cos OOO, Ble heme eae 0.685. 1930288 ne pose 0.795 
1026 ooo < dae are gers Ota Le es ee eee ene ae 0633 LOS to aes 0.695 


VIC PAE, eam eres. Rene aU Yarra 
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Sulfuric Acid from Converter Gases 
By George E. Bravers,* Copprruity, TENN. 


Ir is well to understand at once that converter gas is always 
mixed with copper blast-furnace gas at Copperhill before entering 
the Glover tower, and, at times, roaster gas is also added along with 
the converter and blast-furnace gas. 

Fig. 1 is introduced to show the variations in the sulfur dioxide 
content of the gas and the ability of the acid-plant operator to control 


Sulfur Dioxide, per cent 


A 


’ epi | | | ,Entering Gay L 
cnead bend 
M 


12 6 12 6 
Noon P.M. PRM AM 
Ten Minute Intervals- 24 Hours 


Fig. 1.—FLUCTUATIONS OF SULFUR DIOXIDE CONTENT OF CONVERTER GAS. 


the variations, resulting in a very even grade at the Gay-Lussac tower 
entrance. The sulfur dioxide content of the gas entering the Gay- 
Lussac tower must be low and regular to assure low niter consumption. 
The blast-furnace gas alone is rather uniform as regards sulfur 
dioxide content and the variations, as shown in Fig. 1, are chiefly caused 
by converter changes—out for charging, slag pouring, copper pouring, 
and, of course, the ‘‘finish.’”” The combined gas during the converter 
finish is, at times, almost free of oxygen and the sulfur dioxide content 
reaches 13.0 per cent. At such times air is added at the Glover tower. 


* In charge of research, Tennessee Copper Co. 
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fate the gas from the b 
the converter gas is very pure, ‘dna ure, t. 
paratively easy to handle. The recovery of sulfur into : 
converter gas is around 95.0 per cent and the recovery of 
eliminated at the converter into acid is 97.0 per cent or better. 
producing around 850 tons of 60° acid daily in No. 1 acid seo 
converter accounts for 80 to 120 tons. 

The converter gas is so clean and pure that it tempers the blast-furna ; 
gas to a point where the combined gas has qualities as desirable as the 7 ; 
blast-furnace gas alone, in spite of the variations in the converter gas. “t 

The niter is introduced from ammonia oxidation units andfrom stocks __ 
of nitrous vitriol. Whenever possible the variations in the gas are 
handled by changes in the amount of nitrous vitriol charged. How- 
ever, at times, such as the end of the converter finish, the niter from __ 4 
the ammonia oxidation units must be cut off and great cuts in the nitrous . 
vitriol must follow. r 


The chamber operator, by means of remote-controlled charts and 
signals, has intimate knowledge of converter changes at all times. 

Owing to the carbon dioxide content of the gas, the Reich test is 
applied in determining the sulfur dioxide content of the gas. The gas 
is tested at ten-minute intervals at the Glover entrance, No. 1 chamber, 
No. 6 chamber and at Gay-Lussac tower entrance. This is demonstrated 

F in Fig. 1. This information aids in the control of the process. 
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Development of Monolithic Tamped Periclase Converter 
Linings at United Verde Copper Company Smelter 


By F. H. Parsons,* CLARKDALE, ARIZONA 


At the time that converting or bessemerizing of copper matte first 
began to be practiced by the smelters in the copper industry, converters 
were lined by tamping the flux, usually siliceous ore, into the steel shell. 
About 1910, practice in several plants had demonstrated the superiority 
of a basic lining of nonfluxing material and the addition of flux through 
the mouth of the converter. Adoption of the new method by nearly 
the entire industry followed. Basic linings are made of refractory 
“‘magnesite”’ brick manufactured, usually, from imported dead-burned 
magnesite. Hither the linings are laid up in the shell dry or the bricks 
are bonded with some mortar dictated by the preference of the user. 

Foreign, usually Austrian, magnesite was the main source of supply 
for these bricks, although there were domestic sources, but it was not 
until costs began to rise a few years after the first use of basic linings 
that these domestic sources were investigated to any great extent. 
Exigencies created by the World War necessitated the use of the domestic 
magnesite during this period, but the brick manufacturers reverted to 
the use of the foreign product after the war, because the impurities therein 
made a brick with a better fire bond than the purer domestic magnesite. 
Therefore the domestic product became available at a favorable price 
for any metallurgical process that permitted its use. 

The United Verde converting practice using magnesite linings has 
resulted in a high consumption of magnesite because of the zinc content 
of the low-grade matte. It was realized that the cost of these linings 
represented a large portion of the cost of converting, and an investigation 
was started to find means by which these costs might be lowered. 

In the neighboring state of California rather pure magnesite was being 
mined and treated for the market. The product, however, was purposely 
made to simulate the dead-burned grain magnesite product from foreign 
sources by the addition of fluxing impurities before burning. It was 
learned that this dead-burned California grain magnesite could be laid 
down in Arizona at a price one-third that of the same tonnage of “‘magne- 
site” brick manufactured from foreign magnesite. It was also learned 
that at least one California producer was ready to supply the market 
with periclase, which was a grain magnesia produced by burning the 


* Assistant Smelter Superintendent, United Verde Copper Co. 
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high-grade magnesite, without fluxing impurities, at a very high tem- 
perature. The periclase is a dense crystalline grain, more resistant to 
weathering, chemical action and erosion. It was available in grades 
containing from 88 to 92 per cent MgO. 

Owing to patent litigation, the United Verde company had used 
acid linings during the years 1925 and 1926; had perfected mechanical 
means for tamping linings, and had trained operators and helpers to 
do the work. 

With such a set of favorable conditions, the United Verde undertook 
the experiment of substituting monolithic tamped linings of grain magne- 
site or periclase to replace the linings of manufactured magnesite brick. 

The first converter to be lined under the new method was tamped late 
in September, 1928. The mix for the lining was crushed magnesite 
brickbats, a quantity of which was on hand, and fireclay, but because of 
fluxing impurities, use of too much clay and too much water, this lining 
lasted only five days. This was followed by several shells lined with 
tamped linings of the dead-burned grain magnesite that simulated the 
Austrian product. The results were encouraging and the next step was 
the use of grain periclase. This purer, and otherwise more desirable, 
material was so superior that it was used in all subsequent trials. The 
work was conducted under direction of C. R. Kuzell and M. G. Fowler.! 

Early in 1929 the lengths of the campaigns of tamped converters 
showed marked improvement, due in some measure to improved tech- 
nique in mixing and tamping, and largely to recognition of the importance 
of grain sizing. At this time, therefore, more shells were put into this 
service and development progressed much more rapidly. 

The importance of a proper binder was recognized early in the 
investigation, and among those tried were: (1) fireclay, (2) crude bauxite, 
(3) calcined bauxite, (4) sulfuric acid, (5) boric acid, (6) blackstrap 
molasses, (7) crude oil sludge. Also, combinations were tried, of 1 
and 4;1, 2,3 and4;4and6;and5and6. The practice resolved itself into 
the use of either of two preferred mixes, these being periclase, fireclay 
and sulfuric acid, or periclase, molasses and sulfuric acid. 

At one stage of the experimental work an attempt was made to tamp 
the lining by hand without removing the converter cap. The tamping 
was exceedingly arduous and probably was not well done. Karly in 1930 
the standard procedure, to be described later, was adopted, and since 
that time all converting at United Verde smelter has been carried on 
in shells with tamped periclase linings, except that one shell lined with 
magnesite brick has been blown in regular turn so that comparison 
between performances of brick-lined and periclase-lined converters has 
always been possible. 


’ Three patents have been applied for, one of which has been granted to Morris G. 
Fowler as U. 8. Patent No. 1893023. 
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THEORY AND PRINCIPLES 


During preliminary work in the solution of the problem of tamping a 
monolithic periclase lining into a converter shell many difficulties were 
encountered. The first major question involved appeared to be the 
proper grain sizing of the mixture. Should there be a definite proportion 
of each grain size, or must the coarser particles and finer sizes bear a 
definite relationship? Many laboratory tests were made to determine 
this point. It was finally decided that a maximum of 22 per cent of 
minus 100 mesh and a minimum of 12 per cent was necessary to give 
the highest mechanical strength. It was then found that, all other 
things being equal, magnesite with the greater proportion of large grains 
gave best results. In the tamped linings best results have been obtained 
when the mix contained a large proportion of the coarse material, rela- 
tively few intermediate grains and about 14 per cent of minus 100- 
mesh material. 

The question of what bonding material to use was a matter of constant 
experimentation. Fireclay gave the best tamping bond but had very 
low dry strength with the periclase and required a relatively high tem- 
perature to give it a strong fire bond. Molasses showed a greater dry 
strength than either fireclay or sulfate, and retained its bonding strength 
to a much higher temperature, the periclase remaining well bonded after 
it was heated above the temperature at which the molasses burned out. 
The reason for this is possibly the sintering of the finer periclase assisted 
by partial reduction of the iron by the molasses. At one stage of these 
tests bauxite was used as a binder with dead-burned magnesite but it 
did not work well because there was too much silica in both the bauxite 
and the magnesite fines to give proper composition for a spinel of high 
melting point. Boric acid was tried as a bond, but gave very unsatis- 
factory results, as is shown later in the section on costs. During the 
last year of this work only fireclay or molasses with sulfuric acid has 
been used as a binder. The use of sulfuric acid has been determined 
to be of such importance that the following paragraphs regarding it have 
been contributed by M. G. Fowler, of United Verde research staff. 


Tue ImporTANCE OF ACID 


The periclase used at the United Verde for tamped basic linings 
contains over 2 per cent of lime. In order to tamp well, the mixture 
of periclase, tamping bond and water must be reasonably plastic. It 
has been found in clay technology that a relatively slight change in the 
hydrogen-ion concentration of the water-clay mixture, within a small 
range, has profound effects on the plasticity of the mixture. Strongly 
alkaline or strongly acid solutions cause complete deflocculation and 
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almost complete loss of plasticity. Maximum plasticity is generally 
attained close to the point of neutrality of the solution, and at this 
point the liquid content of the mixture can be varied over the widest 
range with retention of plasticity of the clay. These facts hold true 
for most plastic materials made up with water. The degree of floccula- 
tion, and thus the plasticity, depends upon the strength of the charges 
of the colloidal particles, and upon the hydrogen-ion concentration of 
the solution. 

Since plasticity is essential to good tamping, it becomes necessary 
to eliminate, or to neutralize, any impurities that will dissolve in the 
water used and cause deflocculation of the colloidal materials used. 
As mentioned above, the chief soluble impurity in the periclase used 
is lime, and laboratory tests have shown that sufficient of it dissolves 
to cause almost complete deflocculation of a clay-periclase-water mixture, 
the clay being used in relatively small amount, less than 3 per cent. 
If the lime is not neutralized, an undesirably large amount of clay must 
be used to secure good tamping, 4 or 5 per cent being required, which, 
of course, introduces too much flux into the mixture. If only lime, clay 
and water were used, and it were desired to add acid to neutralize the 
lime and flocculate the clay, the acid addition would have to be made 
very carefully indeed, and the addition controlled with a suitable indi- 
cator, and this would become a decidedly arduous task in making up a 
converter lining of 10 or 15 tons. However, when using a mixture of 
clay, water and periclase containing lime, the problem becomes simple. 
All that is necessary is to add a slight excess of acid over that required 
to neutralize the lime. The excess acid is slowly neutralized by the 
periclase itself, giving a substantially neutral solution. For this reason, 
a slight excess of acid does no harm, but a large excess is certainly unde- 
sirable, as the magnesium sulfate formed is not a desirable binder for 
converter linings; it is not a tamping bond, it sets too rigidly on drying, 
loses most of its bonding power at a low temperature and means destroy- 
ing refractory periclase to form nonrefractory magnesium sulfate. 

The result of the increased plasticity due to the use of a relatively 
infinitesimal amount of acid is that less binder is required and the limits 
of the permissible liquid content are widened. This last point is impor- 
tant because it makes the mixing of the lining materials more foolproof. 
The amount of liquid necessary in making up a tamping mixture cannot 
be determined once and for all, as changes in temperature and in the 
physical qualities of the materials used necessitate changes; thus the 
amount of liquid to be added must be judged by the operator who makes 
up the mixture. The use of the very small amount of acid can eliminate 
to some extent the danger of spoiling a lining mixture by using too much 
or too little liquid, since the use of acid widens the limits of permissible 
liquid content of the mixture. 
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GRAIN SIZE 


To secure greatest mechanical strength, extremes in sizes are essential ; 
that is, very coarse and very fine grains with few, or no, intermediate 


Fic. 1.—SEcTION OF TAMPED PERICLASE LINING THAT PERFORMED WELL IN SERVICE. 
Contains 16 per cent minus 100-mesh material. Shows possibility of improve- 
ment by removing some of the intermediate sizes. 
Fic. 2.—SEcTION OF TAMPED MAGNESITE LINING THAT GAVE MEDIUM GOOD SERVICE. 
Maximum grain size too small and too many intermediate sizes present. Contains 
18 per cent minus 100-mesh material. 
Fic. 3.—SEcTION OF TAMPED MAGNESITE LINING THAT GAVE POOR SERVICE. 
Maximum grain size too small and too much fines. Contains 22 per cent minus 
100-mesh material. 
Fig. 4.—Sucrion OF TAMPED MAGNESITE LINING THAT GAVE POOR SERVICE. 
An example of an exceedingly poor structure. Contains 27 per cent minus 100- 
mesh material. 
Original magnification 2. Reduced about 20 per cent. 


sizes. In any lining mixture the structure and resulting mechanical 
strength will be determined by the size that is present in sufficient 
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amount so that the grains will not be forced out of most compact position 
by smaller sizes. If the structure is to be that of 4-mesh grains, none 
of the smaller grain sizes should be present in sufficient amount to force 
the 4-mesh grains out of their most compact position. By themselves, 
4-mesh grains in most compact position may have 40 per cent voids, 
which may be filled in with 40 per cent of minus 100-mesh periclase; 
which, in turn, may have 40 per cent voids. This will leave only 16 
per cent voids in the mixture, and the mechanical structure will be that 
of 4-mesh grains, since they will still remain in contact. The 40 per cent 
voids in the 4-mesh material cannot be filled in with 40 per cent volume 
of 10-mesh grains with 40 per cent voids and the same results obtained, 
because the 4-mesh grains will be forced apart and the structure will 
have the strength and structure of the 10-mesh material. Likewise, if 
the minus 100-mesh material is present in sufficient quantities to force 
the larger grains apart, the structural strength of the lining will be that 
of minus 100-mesh material, regardless of other sizes that may be pres- 
ent. The finer sizes show greater sensitivity to thermal shock, greater 
fluxibility, greater shrinkage, therefore variation of only a small per- 
centage of the finer sizes may mean complete failure of the lining when 
it is put into service. Greatest density is obtained by having all sizes 
present in proper proportions, but the much more important mechanical 
strength is obtained by mixtures of very coarse and very fine material. 
Variation in each extreme is permissible, but a band of the intermediate 
sizes should be missing, this band moving either way as the predominating 
size is coarser or finer. One reason this sort of mixture gives greatest 
mechanical strength is that the large grains seem to be lubricated by 
the fines, and to have slipped into most compact position when tamped, 
whereas when all sizes of grain are present the larger seem to be pre- 
vented from taking the most compact arrangement unless an excessive 
amount of very fine material is used. This, however, decreases the 
mechanical strength, under operating conditions, to a point where it 
ceases to be useful for refractory purposes. 


WATER IN THE Mrx 


Importance of the question of addition of water to the mix was not 
recognized for a considerable time. With too much water the mixture 
was rubbery under the hammer and tamped unsatisfactorily. The 
performance, during service, of the linings that were tamped with too 
much water was exactly the same as those in which too many fines were 
used. Mixtures made with molasses only, without water were stiff, 
tamped solidly and gave very satisfactory service, and it was soon found 
that if only a small amount of water was used with the clay mixture 
equally good results were obtained. 
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The periclase that was finally selected as best suited to this work has 
the analysis shown in Table 1. 


TaBLE 1.—Analyses of Periclase and Fireclay Finally Selected 
ANALYSIS OF PERICLASE, PER CENT 


Ignition Loss SiO2 | R2O3 | CaO | MgO 
Low 2b Aa cA on ORE a None 4.62 1.38 2.70 91.58 
TOES Socal Remar rd Rene a, ea ay 0.18 2.78 0.70 1.67 94.08 
AWViCrae Or et ere hee Side ek 0.10 3.80 1.10 2.00 92.52 


ScREEN ANALYSIS OF PERICLASE AS RECEIVED IN CarLoapD Lots, Per CENT 


+3 +4 +6 +8 +20 +48 +200 —200 
18.7 Bl 3 52.9 68.1 95.3 99.3 99.8 On 
ANALYSIS OF FiRECLAY, Per CEnT 
SiOz Al203 Fe2O3 CaO MgO Ignition Loss 
59.0 26.0 3.4 eel 1.6 9.5 


DESIGN AND CONSTRUCTION 


The equipment used for the acid linings during 1925 and 1926 was 
found to be suitable for the work of tamping the monolithic periclase 
linings into the converters. This equipment consisted of a “‘wet pan”’ 
of 84-in. diameter and ring 13 in. high. The mill was fed from two over- 
head bins, one of 30 tons capacity holding the periclase, and one of 6 tons 
capacity holding the fireclay. The discharge from the periclase bin was 
into a measuring box calibrated for 350 lb. of periclase, and discharged 
by an air ram into the mill. The fireclay, if used, was discharged into 
a container and weighed. Pulverized periclase was in sacks and was 
weighed as used. Molasses and acid were measured, as desired, into 
the pan. The predetermined charge, when mixed, was discharged 
through a swinging gate on to a steel platform and from there was 
shoveled into the converter ready for tamping. The tamping machine 
consists of a swinging jib or crane attached to a crane column. This jib 
was 17 ft. long over all, and was equipped with a ball-bearing trolley 
mounted on rails, designed to allow the tamping cylinder to travel the 
full length of the jib. The hinge attaching the jib to the crane column 
gave the other plane of movement, allowing the hammer to be placed 
wherever desired. The air cylinder was an Ingersoll-Rand rock-drill 
machine suspended to the trolley by a worm screw 77 in. long and 4!9-in. 
diameter, which gave the third vertical plane of movement. Air was 
delivered to the hammer at about 90 lb. per square inch. A cast-iron 
shoe plate, 9 in. square, was fastened to the steel chuck stem and shoe 
with countersunk bolts. 

The tamping form used to retain the lining mixture was approxi- 
mately semicircular, 9 ft. 6 in. in diameter at the top and 9 ft. at the bot- 
tom. This was placed in the cleaned-out shell, so that it was 20 to 23 in. 
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from the shell at the center of the tuyere line and 19 in. at the top. The 
ends were fitted with wings, so that the opening between the space to 
be lined and the old “‘belly”’ could be closed during tamping operations. 
The form was held in place during the tamping by six pieces of 2 by 4-ft. 
lumber wedged against the shell. 


Fic. 5.—MAcuINERY UsED BY UNITED VERDE CoppEerR Co. FOR MIXING AND TAMPING 


PERICLASE CONVERTER LININGS. 


LininGc PRACTICE 


The practice of lining 12-ft. Great Falls converter shells is as follows: 
After the converter to be tamped has been “washed out” and sufficiently 
cooled, the wedges and pins are pulled from around the cap and the cap 
is lifted off. The old lining is then cut cut with a paving breaker. All 
slag, matte and unused old periclase lining is cut out to a point about 
10 in. below the tuyere line, at which point a good foundation is usually 
found on which to rest the tamping form and to provide a suitable shelf 
for the new lining. The sides are cut back as far as the form extends. 
All the old lining not impregnated with matte and slag is sorted out and 
saved, to be used again in the cap lining and in the seal between the 
shell and cap. The floor or front of the shell very seldom requires 
patching. At the tuyere line and about 18 in. above, the old lining is 
cut out to expose the steel shell. The old tuyere pipes are loosened 
and pulled out, and the shell is placed in position ready to tamp. The 
cap is cut out, cleaned up and made ready to put back into place. 
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If it has been decided to line the converter with the clay and periclase 
mixture, the procedure is as follows: 40 Ib. of fireclay and 135 Ib. of 
periclase fines (product of a Raymond mill and practically all through 
200 mesh) are placed in the wet pan, wet slightly with water and mixed 
for about five minutes. While the mill is still revolving, three boxes 
of 350 lb. each of coarse periclase are pushed on to the mixing pan and a 
little more water is added. Not more than 5 gal. of water should be used 
in each batch. As the coarse material is being mixed, 414 Ib. of sulfuric 
acid is added. The mill is then run until the ingredients are thoroughly 
mixed, or until each coarse grain is coated with an envelope of clay and 
fines—this takes but a few minutes—then the door of the mill is opened 
and the mixed batch is run on to a steel platform. It takes about 
one and one-half mill batches to make one tamping batch, therefore one 
and one-half batches are mixed and shoveled into the converter behind 
the form. This mixed material is leveled up and the shell is ready 
for tamping. 

If a molasses-periclase lining is to be used, the following procedure is 
followed: The wheels of the mill are raised about one inch above the pan; 
175 |b. of fine periclase and 5 gal. of blackstrap molasses are placed in the 
pan with very little water, and the mill is started. Three boxes of coarse 
periclase are pushed into the pan immediately, 414 lb. of acid added, and 
the mill run just long enough to mix the ingredients; no grinding is 
wanted. The water added to this mix must not exceed one gallon. As 
in the clay mix, this is run on to the platform, another half batch added 
and the mixture is shoveled into the shell ready for the tamping operation. 

When the mixture is prepared and in the shell the tamping machine is 
swung into place, the shoe screwed down until it rests on the mix, then 
turned down 2 in. more, and the hammer is started. During the tamping 
operation the shoe is turned down as the mixture becomes more tightly 
tamped. If the shoe is too high the machine will bounce and if too low 
the piston will work too fast. About 45 min. of tamping per layer is 
necessary to secure proper density. When the lining is up to the tuyere 
level, the new tuyere pipes are installed and accurately lined. The 
pipes are tightly tamped with asbestos between the shell and pipe, the 
spanner nuts are tightened and 1!4-in. pipes are inserted in the 2-in. 
tuyere pipes to protect them from being distorted by the subsequent 
tamping operation. Then, one-half batch of the mix is shoveled around 
the tuyere pipes and tamped very carefully both by hand and by air 
machine between and around the pipes. After the tuyere line is properly 
tamped and the pipes covered, the regular one and one-half batch lots 
are tamped approximately 45 min. each until the lining is finished to the 
top of the shell. After the lining has been completed to the shell rim 
the tamping machine is swung to one side, the form is released from its 
braces and carefully pulled out by the crane. The 1}4-in. protecting 
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pipes are removed from the tuyere pipes and the tuyere holes cleaned 
out. Fireclay is then ground in the mill and a layer about 2 in. thick is 
placed around the flange of the converter. The cap is then set in position 
and the pins are dropped into place but not tightened. A few batches 
of old used periclase and some clay and water are ground to a sticky paste 
and plastered by hand into the junction between the new lining and the 
cap, and the top is then tightened down by driving in the wedges. The 
converter is now ready for drying, first by a wood fire and then by an oil 
fire. This is not done at once, however, as new linings are not dried 
until the shell is to be put into service. 

Great care must be exercised in the drying-out process. A slow wood 
fire is first started and kept burning for 8 hr. and then a small oil flame is 
used. Practically all moisture must have been expelled before much 
heat is applied, and when no more steam is seen at the vent holes in the 
shell the flame is increased and the whole lining is heated until the steel 
shell is hot to the hand. The lining has now received its initial set, and 
if properly mixed and tamped will not spall. The shell is now transferred 
to the stand where it is immediately charged with matte and blown. 

An average of 13.61 tons of coarse periclase, 1.35 tons of fine periclase, 
0.577 tons of fireclay and 94 Ib. of sulfuric acid is used in a periclase-clay 
lining. Using molasses as a binder, 12.22 tons of coarse periclase, 
1.88 tons of fine periclase, 73.65 gal. of molasses and 79.8 Ib. of sulfuric 
acid is the average of 30 shells. 


Costs 


To arrive at a divisor to determine the unit cost of different types of 
linings, it was necessary to establish an arbitrary relationship between 
a ton of iron oxidized and a ton of copper finished in any given shell. 
Owing to the grade of the matte converted at United Verde, no shell 
ever blows to white metal all the metal it finishes to copper. Transfers 


TABLE 2.—Comparative Costs of Converter Linings 


Units Iron 
ae Numb D f idi i 
Lining of Shells Gann patel matel Goat a Oe dived Bin ; une 
Copper 
Bricks nyt, Sate een ee 16 22.75 | $1029.13 1969 $0. 523 
Periclase and boric acid.... . 6 18.70 945.70 1674 0.564 
Periclase, molasses or clay, 
but no added fines....., .. 16 21.10 859. 92 1750 0.491 
Periclase, fine periclase, mo- 
lasses and H,SQ,......... 30 34.07 908.80 2427 0.374 
Periclase, fine periclase, fire- 
clay and H2SQ,.......... 15 35.40 895.52 2442 0.367 


* The bricks were 15-in. radial bricks of a standard manufacture. 
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of white metal from two or three shells are combined in one converter 
to make a charge sufficiently large to blow to blister. A study of the 
time involved in the different operations led to the arbitrary method of 
adding to the tons of iron oxidized one and one-half times the tons of 
copper finished and using the sum, expressed as “‘iron plus equivalent 
copper” as the divisor into the total cost. No accuracy is claimed for 
this method, but as the same method was used for all different types of 
linings, and as each shell finished approximately the same proportion 
of the total copper as it oxidized iron, this method gives a fair indication of 
relative costs. Table 2 gives total and unit costs of five different linings. 


CONCLUSIONS 


In order to still further improve converter costs it has been decided 
to screen the periclase as received in future, to pulverize undesirable 
sizes—say 8-mesh and smaller—and use the pulverized material to mix 
with the coarse. The idea of continuous tamping also will be studied. 
It is noticeable that the tops of the layers are much more solidly tamped 
than the bottom, and if equipment could be installed so that the whole 
lining mix could be prepared at one time, put into overhead bins and fed 
continuously into the form, and be continuously tamped, it is probable 
that a better lining would result. 

The fact that this experimental work has been done in the converter 
aisle without any interference with operations has tended to materially 
slow the interpretation of results. A shell tamped with a new mixture, 
or different proportions of a given mix, might not be put into service and 
its lining burned out until two months had elapsed after tamping, and 
any real conclusions as to whether the change was beneficial or not had 
to wait a much longer time than that. If the change indicated that a 
seeming improvement had been effected, at least four more shells, tamped 
in the same manner were used to check the results obtained on the 
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DISCUSSION 


M. W. Kresci, Worcester, N. Y. (written discussion).—Mr. Parsons’ paper reflects 
the progressive spirit of the staff at the United Verde plant. The results speak for 
themselves, as evidenced by a 30 per cent reduction in lining costs, when compared to 
magnesite brick. The only suggestion I would offer, in case it has not been already 
tried there, is to charge to the freshly lined converter, after it has been thoroughly 
dried, with hot converter slag, and allow it to remain there for about 20 minutes. 
Before doing this, the tuyeres should be sealed on the inside of the converter, with 
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The Noranda Smelter 


By W. B. Boaes* anp J. N. Anperson,} Noranpa, QuEBEC 


Aw account of the operation of the Noranda smelter covering the 
period from December, 1927, when the smelter started, until December, 
1929, was given in a paper published by the Canadian Institute of Mining 
2 and Metallurgy early in 1930.! The object of the present paper is to 
review matters of interest in the original paper and to describe the 
present construction and operation of the smelter, with particular refer- 
ence to the reverberatory-furnace practice. 

The Noranda smelter was built by Noranda Mines, Ltd., from the 
designs of A. E. Wheeler, consulting metallurgist of New York, for 
the reduction of ores and concentrates from the Horne mine and to treat, 
on a custom basis, ores and concentrates from other mines in the Rouyn 
district. The smelter is at Noranda, about 330 miles directly north of 
Toronto. Construction work was started in June, 1926, and copper was 
first produced in December, 1927. 

The smelter was built throughout as two duplicate units, each with a 
rated capacity of 500 tons of ore per day. Operations were started with 
one unit and after several months it was found that one unit alone could 
smelt 1000 tons of ore a day. At that time there was only one hoisting 
shaft, No. 3, and its hoisting capacity and the capacity of the original 
crushing plant were insufficient to supply ore for the two units at the 
increased tonnage. Accordingly No. 4 shaft was sunk and a new crushing 
plant provided to handle the ore hoisted there. Operating two units at 
capacity also required the installation of two more converters to treat 
the additional quantity of matte produced. This work was completed 
in the latter part of November, 1929, and since then both smelter units 
have been operating continuously. 

In 1928, a mill to treat 500 tons a day of concentrating ore was com- 

‘pleted. Since then the concentrator capacity has been increased twice, 
and at present 2000 tons a day of ore are being concentrated. 

The layout of the surface plant of the mine, concentrator and smelter 
is shown in Fig. 1 and the general plan in Fig. 2. ‘The smelter is shown in 
more detail in Fig. 3. The original hoisting shaft, No. 3, is now used only 
for handling men, supplies and waste rock, and the original crushing 
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* Smelter Superintendent, Noranda Mines, Ltd. 
+ Assistant Smelter Superintendent, Noranda Mines, Ltd. 
1W. B. Boggs and J. N. Anderson: The Noranda Smelter. Canadian Min. & 
Met. Bull. (March, 1930). 
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Fic. 2.—GENERAL SURFACE PLAN. 
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plant handles only smelter reverts, custom ore and waste rock used for 
town road construction. All smelting, concentrating and fluxing ores are 
hoisted in No. 4 shaft and crushed in the new, or No. 2, crushing plant. 
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Fig. 3.—LAYOUT OF SMELTER. 


In a reverberatory-furnace smelting plant the total tonnage smelted 
is limited by the quantity of charge that can be smelted in the furnaces. 
Early in 1928, the furnace capacity was about 700 tons of solid charge per 
furnace day; by improvements in furnace construction and operation the 
capacity has been gradually increased to 1267 tons of solid charge per 
furnace day in December, 1933, resulting in a decrease in the cost per ton. 


CruUsHING PLANT 


A flow sheet showing the handling of the ore from the mine through 
the crushing plant to the smelter and concentrator is given in Fig. 4. 
Separate ore-pass systems for smelting ore and concentrating ore are 
provided in the mine, giving storage for about 5000 tons of each class of 
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ore. Each system terminates in a storage pocket above a crushing station 
on the 1200-ft. level, where the ore is crushed in a jaw crusher and carried 
by a belt conveyor to a skip loading pocket. At the surface there are 
three separate storage pockets, one for each class of ore, extending to the 
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Fia. 4.—FLow sHEnt OF CRUSHING PLANT. 


125-ft. level. Smelting ore and concentrating ore are discharged from the 
skips into their respective pockets, while the fluxing ore is hoisted in cars 
and dumped into the fluxing-ore pocket by means of a rotary tipple. 
At the 125-ft. level there is another jaw crusher discharging on to an 
inclined belt conveyor, which carries the ore to the surface crushing plant. 
The ores are drawn from the pockets by means of Ross feeders; bypasses 
allow the smelting ore and concentrating ore that have already been 


crushed to be discharged from the pockets direct to the belt conveyor 
without passing through the jaw crusher. 
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_ Details of the surface crushing plant are shown in Fig. 4. Several 
changes have been made in the original construction, the most important 
of which are as follows: (1) providing a surge bin above the 7-ft. cone 
crusher; (2) using two 200-hp. motors on the rolls instead of two 100-hp. 
motors, and increasing the speed of the rolls from 100 to 120 r.p.m.; and 
(3) installing a 514-ft. cone crusher in parallel with the rolls to take part 
of the product of the 7-ft. cone crusher. The object of the first of these 
changes was to provide for uniform feeding of the 7-ft. cone crusher and 
thus to prevent damage by overloading. By making the second change 
the capacity of the rolls was increased. The 514-ft. cone crusher was 
part of the equipment of the old crushing plant and became available 
when all the ore was hoisted in No. 4 shaft. 

The product of the 7-ft. cone crusher is sent to a double-decked 
screen, and the oversize of the top deck is sent to the surge bin above the 
514-ft. cone crusher; the oversize of the bottom deck is sent to the surge 
bin above the rolls; and the undersize of the bottom deck bypasses the 
rolls. The products of the 514-ft. cone and the rolls go to the screen 
house. The smelting ore, concentrating ore and the part of the fluxing 
ore that is fed to the roasters are crushed in closed circuit, while the 
converter flux, which must be coarser, is crushed in open circuit. For 
crushing converter flux provision has been made, so that the joint product 
of the 514-ft. cone crusher and the rolls may bypass the screens, or the 
unscreened product of the 514-ft. cone crusher alone may be sent to the 
converter-flux storage bin, while the rolls product is screened and 
the screen undersize sent to the roaster-flux storage bins. 

All smelting and fluxing ores are sampled by a mill consisting of four 
Vezin samplers in series together with a set of rolls and a sample grinder, 
and are weighed on Merrick weightometers. Concentrating ore is 
weighed and sampled at the concentrator. The crushing rate and screen 
sizes of the final crushing-plant product from the three classes of ore are 
given in the flow sheet in Fig. 4. 

The fineness of the roaster feed is of great importance in both the 
roasting and the reverberatory furnace operations and is controlled by 
changing the mesh size of one or more of the screens. 


THE SMELTER 


When the design of the smelter was decided on, it was known that 
there was ore in the mine that would have to be concentrated, and that 
there was the probability of finding more ore of similar grade. Therefore 
roasters and reverberatory furnaces were the choice rather than 
blast furnaces. 

No bedding system was provided because of the difficulty of storing 
and handling large tonnages of ores and concentrates in the severe winter 
weather. Instead, a system of storage bins over the roasters was 
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installed, consisting of three storage bins for each roaster, together with 
two spare bins for special material and a number of bypasses, by means of 
which material such as fluxing ore for the furnace fettling and reverts to 
be smelted could be sent direct to the reverberatory-furnace feed floor 
without going through the roasters. The three bins for each roaster are 
used for the separate storage of smelting ore, fluxing ore and concentrates, 
giving a storage capacity of 3200 tons, 2100 tons and 1120 tons, respec- 
tively. Material is fed from the bins to the top hearth of the roasters 
by means of pan feeders provided with adjustable gates. In the original 
construction the converter-flux storage system was inadequate and the 
handling facilities unsatisfactory, therefore in 1929 a 500-ton storage bin 
was built, together with a 60-ton bin over each of the four converters. 

The roasters, reverberatory furnaces and converters were all placed 
under one roof, with no dividing walls, so that the maximum effect of the 
heat from the various processes would be utilized in keeping the interior 
at a comfortable temperature during the cold weather. This was found 
to be a mistake because gas from the converter aisle drifted into the 
reverberatory and roaster buildings and made bad working conditions. 

Dividing walls were built, so that now, in effect, the three buildings 
" are separate. 

There are eight roasters in two rows (Fig. 3), at right angles to the 
long axes of the reverberatory furnaces, which necessitates considerable 
switching of the trains when drawing the calcine from the roasters. 
This could have been avoided by placing the roasters in a double row 
parallel to the long axes of the reverberatory furnaces, with a single track 
running under calcine bins placed on the center line of the two rows 
of roasters. 

The roasters are Wedge furnaces, 25 ft. in diameter, with an external 
feed or drying hearth and seven internal hearths. There are two air- 
cooled arms on each hearth, one arm carrying 10 and the other 11 rabble 
blades. Each roaster is driven by a 15-hp. motor belt-connected to a 
speed reducer, and the drive is provided with a shear-pin arrangement to 
prevent breaking of the arms in case of overload or jamming in the 
roaster. Hach roaster has two gas outlets 4 ft. in diameter, connected 
to the roaster flue. The latter is a steel balloon flue with a cross-sectional 
area of 130 sq. ft., leading to the header flue of the roaster Cottrell plant. 
The balloon flue dust is drawn off through slide gates into pipes which 
discharge into the calcine hoppers. 

The floor below the roasters is an extension of the reverberatory- 
furnace feed floor. The calcined ore falls into hoppers above this floor 
and is drawn to the furnace bins in cars hauled by storage-battery 
locomotives. The furnace feed bins extend along both sides of the 
furnace where the calcine cars are unloaded, as required, by properly 
spotting them over the furnace bins. 
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The two reverberatory furnaces are side fed and fired with pulverized 
coal; their construction is shown in Fig. 12. The furnace slag is skimmed 
into pots of 20 tons capacity. Originally the pots were drawn by two 
20-ton storage-battery locomotives, which proved unsatisfactory for 
continuous heavy service and were converted to trolley motors. The 
reverberatory-furnace matte is tapped into cast-steel ladles of 12 tons 
capacity. The ladle is placed on a transfer car, which runs in a tunnel 
between the two furnaces below the level of the furnace floor. When 
filled the ladle is drawn out to the converter aisle by an electrically 
driven car puller and is then picked up by the cranes that serve 
the converters. 

Originally the converter building had two Peirce-Smith converters, 
12 ft. in diameter and 26 ft. long; two straight-line casting machines for 
making blister bars; two 40-ton d.c. cranes, and one 10-ton crane in the 
shipping aisle behind the converters. In 1929 the converter building 
was extended to make room for two more Peirce-Smith converters, 13 
by 30 ft. in size. 

In order to prevent the molten bath in the converters from filling the 
tuyeres in case of sudden failure of the converter air supply, a storage- 
battery set is connected to the converter tilting motors, so that if the 
power goes off the blower motors the converters are automatically turned 
until the tuyeres are clear. 

Until the end of 1930 all the copper produced was shipped as blister 
bars for refining in the United States. In 1930 Canadian Copper 
Refiners, Ltd. built a refinery at Montreal? for refining the copper from 
Noranda and Hudson Bay Mining & Smelting Co., and it was decided 
that all Noranda copper could be shipped as anodes. Accordingly, a 
150-ton anode furnace and a Walker casting wheel were built,’ and since 
early in 1931 all the copper produced has been shipped to Montreal in the 
form of anodes. 


PREHEATER AND WASTE-HEAT BOILERS 


Waste-heat boilers to generate steam for power are usually included 
in the design of reverberatory matting furnaces in copper smelters. 
This was not done at Noranda because comparatively cheap hydro- 
electric power was available and it was thought that the heat in the 
waste furnace gases could be utilized and a considerable saving in fuel 
effected by means of a heat recuperator to provide hot air for the burning 
of the pulverized coal. 

The original design of the heat recuperator or air preheater is shown 
in Fig. 5. Some changes have been made but the general principle 
remains the same. It consists of an enclosed chamber in which are a 


2 See page 352. 
3 See page 331. 
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number of vertical tubes through which the gases pass while the air to 
be heated is circulated around the tubes. There are 18 tubes, 24 in. in — 

diameter and 20 ft. high, set in three rows of six each. Circulation is 
counter-current; that is, the gases pass upwards through the tubes while 
the air is blown in at the top of the chamber by a fan, circulates around 
the tubes and discharges at the bottom into a duct leading to the furnace. 
In the original design there were six horizontal air passes in series and 
baffles were provided inside the tubes in order that the hot gases might 
have maximum contact with the tubes. The tubes and baffles were 
made of “ Hybnickel,” a patented heat-resisting chrome-nickel-iron alloy. 
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Section A-A— —SEcTION C-Cc— — Section B-B— 
— kcTion A-A— —SESTION C-C— — Section B-6 — 
Fria. 5.—ORIGINAL DESIGN OF AIR PREHEATER. 


The first trouble that developed was caused by the ash and dust in the 
gases depositing on the baffles and building up in the brick “chimneys” 
at the bottoms of the tubes. As no provision had been made for properly 
cleaning the tubes and the baffles, it was found necessary, after a few 
days, to remove the baffles entirely, the tubes and “chimneys” being 
kept clean by an improvised cleaning rod. 

During the first week of operation the temperature of the preheated air 
was as high as 1000° F. but after the baffles were removed this temperature 
could not be maintained and dropped to about 350° F. This temperature 
remained fairly constant for several months and then gradually dropped. 
At this time it was discovered that the system was not airtight; tests 
showed that the quantity of air leaving the preheater was less than that 
delivered to it by the fan. After the first six months of operation, and 
until No. 1 furnace was shut down for general repairs in January, 1929 
the temperature of the preheated air was about 250° F. It was fount 
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that several of the lower sections of the Hybnickel tubes had cracked and 
that some of the Hybnickel supporting beams had also failed. These 
beams had been placed at the bottom of the preheater to carry the 
weight of the tubes and had been exposed to the direct heat of the gases 
entering the preheater. The failure of the tubes and beams may have 
been due to overheating, or to stresses set up by rapid heating and cooling 
during operation. The surfaces of the tubes and beams showed no 
signs of corrosion. 

It was decided to make some alterations in the construction, with the 
object of preventing the recurrence of such troubles. The changes made 
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are shown in Fig. 6. The baffles were supported from overhead rods in 
such a way that they could be freely rotated in order to clean the baffles 
and tubes. The supporting beams were placed higher in the preheater, 
with the lower sections of the tubes suspended from them. An arch of 
Carbofrax brick was built below the beams to protect them from the 
direct heat of the furnace gas, Carbofrax being chosen because of its high 
thermal conductivity and low coefficient of expansion. This arch was so 
placed that the bottom sections of the tubes protruded a short distance 
through it, which made it possible to remove the brick ‘‘chimneys”’ that 
previously had given trouble. The number of air passes was reduced 
from six to four and their areas were so designed that the velocity of the 
air passing through the preheater would remain constant as its volume 
increased with the increase in temperature. 

The reconstructed preheater was started in September, 1929, and 
operated for two months, when it was shut down for repairs. The 
Carbofrax arch was in perfect condition, but there was considerable 
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leakage through the seal between the tubes and the arch. A new form < 


of seal was devised consisting of a tapered Hybnickel ring set around the 
tubes and filled with refractory cement. Many of the bolts that attached 
the baffles to the supporting rods had sheared off and these were replaced 
with bolts of a material less liable to failure at high temperature. One 
of the supporting beams had cracked and was replaced. 

After these changes had been made the preheater was started again 
and has been operating continuously ever since, except during furnace 
shutdowns and for short inspection periods, but for two reasons it has 
been found impossible to obtain preheated air over 300° F. in temperature 
for any length of time. . First, the tubes cannot be kept free from the dust 
and ash from the furnace gases. Despite the most careful attention the 
baffles become clogged with semifused dust and ash and cannot be 
operated, with the result that the tubes fill up and no gas passes through 
them. If the baffles are removed the inside surface of the tubes becomes 
coated with dust and ash, thus reducing the transfer of the heat. Second, 
it has been found impossible to prevent leakage from the air to the gas 
side; this leakage reduces the quantity of gas passing through the pre- 
heater and consequently reduces the temperature to which the air 
is heated. 

At present the gas inlet and outlet temperatures are 1400° and 800° F., 
while the air inlet temperature varies from —20° to 80° F. and the 
heated air is approximately 300° F. No exact figures are available for 
the volume of gas and air passing through the preheater, but it is known 
that only a small part of the gases from one furnace can be used and that 
about 40 per cent of the inlet air is lost by leakage from the air to the 
gas side. 

Since 1929 firing practice on the reverberatory furnaces has changed 
so that now only a small percentage of the air required for combustion 
can be sent from the preheater directly to the furnace. With the unit 
system of coal firing now being used, about 35 per cent of the combustion 
air is used as primary air for classifying the coal and conveying it to the 
burners. From 40 to 45 per cent of the combustion air is supplied to the 
burners at a pressure of 5 lb. per square inch from the converter blowing 
engines. The result is that only a small percentage of the total combus- 
tion air could be supplied as high-temperature secondary air. The hot 
air from the preheater is utilized by sending it to the coal plant and 
introducing it into the coal classifiers in such quantity that the tempera- 
ture of the mixture of pulverized coal and air leaving the classifiers is 
about 150° F. This temperature is considered the maximum possible 
for safe operation, on account of the danger from fire or explosion with 
the high-sulfur coal being used. 

Thus, the main function of the preheater at present is to supply warm 
primary air; a small amount is introduced under the burners of one 
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furnace as shown in Fig. 11. On the other furnace some of the hot air 
from the cooling of the roaster arms is similarly used. 

The preheater is a failure in its designed purpose of utilizing the heat 
in the waste furnace gases to supply high-temperature combustion air. 
The failure has been due partly to design but mostly to the dust and ash 
in the furnace gases. In its present function of supplying warm primary 
air the preheater undoubtedly gives higher flame temperature and a 
better fuel ratio than could be obtained without it, but this could be 
done by the use of apparatus less costly to construct and maintain. 
Unless purchased power is very cheap, the authors believe that a well 
designed waste-heat boiler installation for generating steam for power 
would show greater savings than the type of preheater now used at 
Noranda. 

Steam for plant-heating purposes was supplied originally by a coal- 
fired boiler but this proved to be too small and in 1929 a 750-hp. Kidwell 
waste-heat boiler was installed. The furnace flue arrangement was 
such that only the gases from No. 2 furnace could be sent to the boiler, 
with the result that when a shutdown for repairs to the furnace or the 
boiler occurred in the winter months considerable damage to the heating 
system resulted, as well as inconvenience from lack of steam heat. The 
quantity of steam required and the necessity for a continuous supply were 
further increased by the use of process steam in the concentrator. Accord- 
ingly, early in 1933 a second waste-heat boiler similar to the first was 
installed; at the same time the two outlet flues on each furnace were 
replaced by a single outlet flue leading to a new header flue from which the 
gases from the two furnaces could be sent to either or both boilers and 
the preheater. Since the boilers and the preheater could not take all the 
gases from the furnaces, provision was made for bypassing the excess gases 
into the furnace balloon flue. With this arrangement a constant supply 
of steam is available and it will be possible to make waste-heat steam 
for power should this be considered advisable at any time in the future. 


Coat PLANT 


The flow sheet of the present coal plant is shown in Fig. 7. Briefly, it 
consists of crushing and storing facilities for raw coal, a rotary drier, a 
unit pulverizer for each furnace together with a spare pulverizer, which 
can be used for either furnace, and a separate storage bin and a small 
ball mill for supplying pulverized coal to the anode furnace. 

As originally built, the coal plant was designed to use the indirect or 
storage system, but after considerable trouble, which culminated in a 
serious explosion, the system was converted to the direct or unit system. 
A description of the old system and an account of the trouble experienced 
with it might be of interest in showing the necessity for careful and correct 
design of pulverized coal plants. 


: Aes Ce: 

There were two pulverizers and classifiers and an exhaust 
the pulverized coal from each classifier and discharged it into a lar 
circular storage tank through openings tangential to the circumference. 
The coal was drawn off from the bottom of the tank by feed screws and 
blown through pipes to the furnace burners by a high-pressure blower. * 
Thus, the tank functioned both as a cyclone collector and as a storage 
bin for pulverized coal. The capacity of the tank was 125 tons and 
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Fig. 7.—FLow SHEET OF COAL PLANT, 


ordinarily from 25 to 40 tons was carried in storage, the pulverizers being 
operated intermittently. 

In September, 1928, Nova Scotia coal was substituted for Penn- 
sylvania, and probably owing to the high sulfur content of the former 
(3.5 per cent) several fires occurred in the pulverized-coal storage tank. 
In October, 1928, an explosion and fire in the storage tank caused minor 
damage and smelter operations were interrupted for several days because 
of difficulty in extinguishing and disposing of the burning pulverized coal. 
Investigation showed that the explosion and the resulting fire had been 
caused by smoldering pulverized coal that had collected in flat places in 
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the pipes from the exhauster fans to the storage tank. The piping was 
altered to eliminate these flats and additional safety features such as 
clean-out doors and explosion vents were provided. 

In June, 1929, another explosion occurred, which wrecked the pul- 
verized-coal storage tank and the coal-feeding mechanism. In order to 
resume operations without an excessive loss of time the use of the storage 
tank and feed screws were dispensed with by connecting the discharge of 
the classifier exhauster fan to the intake of the furnace blower. This 
change converted the former storage system into the direct or unit system. 
After some weeks of operation, it was decided to double the speed of the 
exhauster fan and discontinue the use of the furnace blower. A third 
pulverizer, classifier and exhauster were installed, to be used on either 
furnace in case of a shutdown on either of the original pulverizers. 

The explosion happened at midnight just after pulverizing for the 
night shift had started. One pulverizer had been running for a few 
minutes and when the second one was started a slight explosion 
occurred in the second pulverizer; this was followed immediately by a 
terrific explosion that blew off the top and burst the sides and bottom of 
the pulverized-coal tank. There were about 20 tons of pulverized coal 
in the tank and this took fire and burned until it was entirely consumed. 
Although considerable damage was done to the plant, the operators 
escaped with only slight injuries. 

The extremely violent nature of the explosion was due to the large 
volume of the storage tank and to its being filled with pulverized coal and 
air from the operation of the first pulverizer. The primary explosion was 
slight because of the comparatively small volume of the pulverizer and 
the classifier, but it was the flame from the first explosion that traveled 
through the pipes and ignited the coal and air mixture in the storage tank. 
The exact cause of the primary explosion was never determined, but 
probably it was due to the presence of burning coal in the second pulver- 
izer. The coal left in the pulverizer may have been overheated in the 
drier and have taken fire as it lay in the pulverizer; or the high sulfur con- 
tent of this residual coal may have caused what is known as ‘‘spontaneous 
combustion.” A sample subsequently taken showed that the coal left 


in the pulverizer contained 12.9 per cent sulfur. Evidently the air 


classifier and the centrifugal action of the pulverizer had a concentrating 
effect, as a result of which the heavy iron sulfide in the coal accumulated 
in the pulverizer. 

Had each pulverizing unit been equipped with separate cyclone 
collectors over the storage tank, according to the usual practice, the 
second explosion might have been avoided entirely; at least its effects 
would have been minimized. ; 

The original driers, which were of the shaft type, in which a descending 
column of coal was dried by a stream of hot gas passing through it, 
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were found to be unsatisfactory for either fine coal or very wet coal. 
Recently these driers were removed and a double-shell Ruggles-Coles 


drier was installed, which has made it possible to use bituminous coal of 
any good grade regardless of its physical condition. 

Before September, 1928, Pennsylvania bituminous coal was used, 
but at that time tests showed that Nova Scotia coal gave equally good 
furnace results and since then Nova Scotia coal has been used exclusively. 
A typical analysis of this coal on a dry basis is as follows: volatile matter, 
34.9 per cent; fixed carbon, 57.1; ash, 8.4; sulfur, 3.5; B.t.u. per pound, 
14,100. The raw coal is sent either to the storage silos, which have a 
capacity of 4000 tons, or to the storage bin ahead of the drier. The coal is 
fed to the drier by a screw conveyor and discharged from the drier into a 
Redler elevator, which carries the coal to the dry-coal storage bin above 
the pulverizer feeders. The raw coal contains about 4 per cent moisture 
and is dried to 1 per cent moisture by using some of the waste gases from 
the reverberatory furnaces brought to the drier through an insulated 
steel pipe leading from the header flue of the reverberatory furnace. The 
drier fan is driven by a variable-speed motor, so that the quantity of gas 
used for drying can be varied to take care of changes in the quantity or the 
moisture content of the coal being dried. Under normal conditions the 
gases enter the driers at about 1000° F. and leave at about 130° F. A 
furnace has been provided at the drier so that if waste gases are not avail- 
able either lump coal or pulverized coal can be burned to provide heat 
for drying. 

The dried coal is fed to the pulverizers by two Hardinge constant- 
weight feeders driven by variable-speed motors controlled by rheostats 
located at the reverberatory furnaces, so that the quantity of coal going to 
the furnaces can be varied at will by the furnace operators. 

The pulverizers are of the Holbeck-Bonnot type and are equipped 
with classifiers set directly over them. Classifying air is admitted at the 
bottom of the classifier and the air and coal mixture is drawn off at the 
top by the fan that blows the coal to the furnaces. The fineness of 
the coal depends on the quantity of air passing through the classifier, and 


control over the degree of fineness to which the coal is pulverized is _ 


obtained by changing the size of the opening in a plate inserted in the 
discharge side of the fan. This changes the volume of air passing through 
the classifier and thus the fineness of the coal produced. The coal pipe 
leading from the fan to the furnace branches into two pipes just outside 
the coal plant, and each branch is again split at the furnace, thus supply- 
ing coal to each of the four burners. Deflectors at each Y regulate the 
quantity of coal that is being sent through each branch. 

The fan discharge of the third or spare unit is connected to both the 
other fan discharges, so that the spare unit can be used on either furnace. 
Positive shut-off valves must be used to prevent leakage of pulverized 
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_ 
coal into the unit that is not being used. Butterfly valves were used 
originally but caused trouble and much lost time when changing units 
because the pulverized coal formed a hard deposit on the edges of the 
valves and prevented them from seating properly. Finally a fast, posi- 
tive-acting shut-off valve was devised which has done away with these 
difficulties. This valve (Fig. 8) was designed by J. Parry, coal-plant 
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Fig. 8.—JAcK VALVE DESIGNED BY J. PARRY TO SHUT OFF PULVERIZED COAL. 


foreman, in conjunction with the engineering department. It consists 
of a lever and threaded screw arrangement by means of which the two 
flanges of a joint in the pipe may be separated and a plate inserted to 
close off the pipe. 

Coal is supplied to the roaster burners by means of a circulating 
system. Pulverized coal and air may be “‘bled”’ off either or both rever- 
beratory-furnace lines into the inlet of a fan that circulates the coal 
through the roaster burner system, the unused coal being returned to the 
fan inlet. This arrangement is not entirely satisfactory because it causes 
variations in the furnace fires and gives poor control over the roaster 
fires, but the quantity of coal used in the roasters is not now sufficient to 
justify the installation of a separate unit. 


CoTTRELL AND STACKS 


Originally there was only one stack and one Cottrell plant consisting 
of six units in parallel, four of which were used for roaster gases and two 
for converter gases. When two more converters were added, it was neces- 
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sary to build a new stack for the converter gases alone in order to provide 


sufficient draft, and a two-unit Cottrell plant was also built, the original ‘= 


six-unit treater being used for roaster gases only. 

Both treaters are of the same general design, known as the “rod 
curtain” type. Each unit consists of three sections in series, through 
which the gases travel horizontally. In the roaster treater there are 16 
collecting electrodes in each section, the electrodes consisting of vertical 
pipe “curtains” suspended parallel to the direction of the gas flow and 
spaced 8 in. apart. The pipe curtains are 18 ft. high and ‘7 ft. 4 in. long 
and are made up of 1¢-in. pipes spaced 1}4 in. apart. The discharge 
electrodes are 14-in. square twisted steel rods suspended at 8-in. intervals 
between the collecting electrodes. The two units of the converter treater 
are also in parallel and are similar to those of the roaster treater except 
that there are 19 collecting electrodes instead of 16 in each section, the 
units being 20 per cent wider. 

High-tension unidirectional current is supplied to the treaters by 
mechanical rectifiers. There is a separate 25-kva. transformer for each 
rectifier, the primary voltage being 550 volts; taps are provided to give 
a secondary voltage of from 55,000 to 75,000 volts. There are two 
rectifiers for each unit, one supplying one section and the other two sec- 
tions; each rectifier uses about 10 kilowatts. 

The discharge and collecting electrodes hang on separate insulated 
suspensions and pneumatic hammers are used for rapping the electrodes to 
shake off the dust. The dampers in the outlets of the units are of the 
balanced multivane type, motor-operated. Rapping and damper- 
control arrangements enable a single attendant operating push buttons on 
a central control board to cut a unit out of service by closing the damper, 
rap the electrodes to clean off the dust, and open the damper again. 
In the roaster treater the rectifiers and the control board are near the 
units, while the rectifiers and control board of the converter treater are in 
the power house about 200 ft. from the treater, in order to enable the 
power-house attendant to do the necessary operating. 

The recovered dust falls into V-shaped hoppers, one under each unit, 
and is drawn off periodically by screw conveyors into charge cars in which 
it is taken to the reverberatory furnaces. 

The roaster treater is handling a volume of approximately 450,000 
cu. ft. per min. and gives a recovery of 95 per cent of the dust in the gases. 
The converter treater was built to handle 200,000 cu. ft. per min. with a 
recovery of 94 per cent but during the last year it has handled 350,000 to 
400,000 with a dust recovery of from 70 to 65 per cent. 

The two stacks are identical in size and construction; they are 422 ft. 
6 in. high and the outside dimensions are 31 ft. at the base and 20 ft. at the 
top; the inside dimensions are 23 ft. at the base and 18 ft. at the top. 
They are built of reinforced concrete with a 4-in. brick lining supported in 
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30-ft. sections on projections or shelves in the concrete. Each stack is 
provided with a ladder, a gas-sampling platform and lightning rods. 


AccEssoryY BUILDINGS AND EQUIPMENT 
Power House and Supply 


Power is brought from the Quinze plant on the Northern Quebec 
Power Co., a distance of about 60 miles. The 25-cycle current is received 
at 110,000 volts and is reduced to 12,000 volts in the power company’s 
substation, which serves as a distributing point for the surrounding 
district. The current is received by the smelter at 12,000 volts and is 
distributed to several separate transformer stations at convenient points 
in the plant and reduced to 550 volts for use in the motors. Other 
transformers, where necessary, reduce the 550-volt current to 110 volts 
for lighting purposes. 

The power house is a brick building 65 by 182 ft., west of and parallel 
to the converter building. It contains the following equipment: 

1. Five Bellis and Morcom air compressors, capacity 2500 cu. ft. per 
min. at 100 lb. per sq. in., for supplying compressed air for use in the mine. 
Each is direct-connected to a 500-hp. synchronous motor. 

2. Two Ingersoll-Rand air compressors, capacity 500 cu. ft. per min. 
at 100 lb. per sq. in., for supplying compressed air. for use in the shops, 
and the smelter. Each is belt driven by a 100-hp. synchronous motor. 

3. Two Ingersoll-Rand blowers, capacity 21,750 cu. ft. per min. at 
15 lb. per sq. in., for supplying air to the converters. Each blower is 
direct-connected to a 1300-hp. synchronous motor. 

4. One Bellis and Morcom blower, capacity 15,000 cu. ft. per min. at 
15 lb. per sq. in., added to supply air for the third converter. It is 
direct-connected to an 1100-hp. synchronous motor. 

5. One Brown-Boveri centrifugal blower, capacity 35,000 cu. ft. per 
min. at 15 lb. per sq. in., added to supply air for the fourth converter and 
as a spare. It is driven through a speed increaser by a 2800-hp. syn- 
chronous motor. 

6. Two motor-generator sets for supplying direct current for synchro- 
nous-motor excitation and for supplying the cranes and the storage- 
battery charging panels. Each set consists of a 575-hp. induction motor 
direct-connected to a 60-kw. 125-volt d.c. generator and to a 430-kw. 
250-volt d.c. generator. . 

7. One motor-generator set installed for the trolley system. It 
consists of a 600-hp. induction motor direct-connected to a 400-kw. 
600-volt d.c. generator. 

8. A large set of storage batteries for emergency converter service. 


MISCELLANEOUS BUILDINGS 


The general office is close to the plant buildings. In it is an automatic 
dial telephone system which interconnects all parts of the plant, the staff 
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residences and the local exchange. The laboratory, which is adjacent 
to the general office, contains sufficient equipment for all the require- 
ments of mine, smelter and concentrator analytical and assay work. 

The machine shop and plate shop are equipped to handle almost any 
repair problem that may come up. Some of the principal items of 
equipment are: 


Open side planer 42 by 42 in. by 10 ft. 0in. Punch and shear 


a 


62-in. boring machine 1100-lb. air hammer 

Lathe, 14 in. by 8 ft. 0 in. Plate-bending roll, 72 by 1 in. 

Lathe, 54 in. by 31 ft. 0 in. Hydraulic press, 250 ton 

Lathe, 20 in. by 14 ft. 0 in. Lincoln electric welding machine 

Shaper, 24 by 26 in. Flanger : 
Milling machine 2 10-ton overhead cranes 
Keyseater 2 power hacksaws 
2 pipe-threading machines Universal grinder 
4 drill presses Floor grinder : 


Two large warehouses are accessible by teams and standard railway 
cars and are equipped with a hoist and crawl for handling heavy materials. 

The smelter change building contains a first aid room, in addition to 
a washroom, shower baths and lockers. 

Treated water from the town water supply is used for drinking and 
toilet water and for fire service. Raw water is used for the cooling of the 
compressors and blowing engines, for the anode-casting wheel and other 
uses at the furnaces. 

All parts of the surface plant are interconnected with standard-gage 
railway track, of which there is about 5 miles. A 40-ton trolley locomo- 
tive is used for handling coal and copper cars and for general yard 
switching. Incoming or outgoing material may be weighed on a track 
scale of 125 tons capacity. 

The buildings are practically all of steel framework, and those 
requiring protection from the cold in winter, such as Cottrell, power 
house, shops, change houses, laboratory, office and warehouses, have brick 
walls. Those in which heat is not important, or in which considerable 
heat is generated, have low brick walls at the ground level, with the sides 
above covered by Robertson corrugated protected metal. Roofs are 
generally flat and consist of gypsum slabs, covered with five-ply com- 
position tar and gravel roofing. Conveyor bridges and track sheds have 
Robertson corrugated protected metal roofs. 


SMELTER OPERATION 


The smelter flow sheet is shown in Fig. 9. Witha bedding system it 
is usual to calculate the roaster charge that must be used to produce a 
desired reverberatory-furnace slag. This predetermined charge is 
obtained by mixing in the beds the correct proportions of the various ores 
and fluxes and is then fed to the roasters. At Noranda, where there is no 
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bedding system, this procedure cannot be followed and the analysis of the 
furnace slags is controlled by changing the quantities of smelting ore and 
fluxing ore being fed to the roasters. Ordinarily, the concentrates are 
used as fast as they are received because of the danger of their catching 
fire if stored too long. The judgment of the furnace foremen, supple- 
mented by samples taken at regular intervals and analyzed by rapid 
methods, must be relied upon to keep the slags as nearly correct as possible. 
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It is obvious that this arbitrary method of control results in consider- 
able variation in the analyses of the reverberatory-furnace slags made 
from hour to hour, but it is a limitation imposed by the absence of a 
bedding system. That any method of calculating the roaster fed is 
impossible will be apparent from the fact that if the storage bins are 
nearly empty material may be received and smelted before its analysis 
is known. 
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low copper content of the charge, the slag fall is high and a slight increase 
in the copper content of the slag means a considerable decrease in recov- 
ery. A complete analysis of the reverberatory-furnace slag for January 
to June, inclusive, 1933, is shown in Table 1. The alumina content is 


TaBLE 1.—Analyses of Ores and Intermediate Products 
Jan. 1 To June 30, 1933 


Percentages 
Material — 

Cu | SiO2 Fe Ss AlzO3s CaO | MgO 
Smelting ore............ 3.28 | 16.1 | 39.6 | 26.9 
BluximgsOneaeneacne os. 0.75 | 56.3 | 12.8 9.2 
Concentrates............ 10.81 4.2 | 41.8 | 38.2 
Roaster feed............ 3.82 | 24.2~| 33.6 | 24.3 
Calcine. te ahaa. Ay O5s\026,. 3.0) eoGe2 ule LIES 
Roaster Cottrell dust... .. 7-414] SLbcS4leco=8 ‘ey 
Converter Cottrell dust...| 27.94 | 24.8 16.6 9.2 
Converter balloon dust..| 47.94 8.0 | 20.0 16.2 
Converter reverts........| 6.57 | 24.5 | 42.5 4.8 
Matte.<.pereeepee o. RelttOcs 48.3 | 22.5 
Reverberatory slag....... 0.27 | 37.9 | 36.4 walt 8.5 bg 1.9 
Converter‘slage.ft.206..| 4.40°| 25.0-)-4 727 4.8 0.5 0.3 


fairly constant, usually between 8 and 9 per cent, and the silica content 
must be from 37 to 38 per cent with a silica degree of 1.34; or from 1 to 2 
per cent higher than the iron content, in order to give sufficiently clean slags. 

Originally it was intended that limerock should be used as a flux, but 
this is justified only when it makes cleaner slags, which more than 
compensate for the increased costs and losses occasioned by its use. With 
the basic materials smelted at Noranda, the addition of limerock would 
increase the quantity of siliceous flux required, thus decreasing the 
quantity of sulfide ore and concentrates that could be smelted. The slags 
being made are sufficiently clean to make the use of limerock undesirable. 

The smelting ore is a massive sulfide ore containing chalcopyrite, 
pyrite and pyrrhotite. The mineral composition is by no means constant, 
the relative amounts of the various sulfides varying considerably in 
different orebodies and in different parts of the same orebody. The 
concentrates consist almost entirely of chalcopyrite and pyrite. The 
fluxing ore is mined in the Horne mine and consists of an acid flow rock 
mineralized with sulfides. It carries sufficient metal values to be classed 
as a revenue-bearing material. 

In order to give more uniform mixing of the roaster charge than would 
be possible in the roasters alone, some fluxing ore is added to the smelting 


As in all smelters, clean slags are of vital importance for efficient ; 
operation. This is particularly true at Noranda, where, on account of the — 
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ore by feeding it to the jaw crusher at the 125-ft. level when smelting ore is 
being crushed. The silica content of the smelting ore is fairly constant 


and it is possible, by this means, to obtain a uniform mixture of smelting 


ore and fluxing ore which contains from 20 to 28 per cent SiO». The 
quantity of fluxing ore used in this way is about 25 per cent of the weight 
of the smelting ore. Additional fluxing ore is crushed and stored sepa- 
rately, of course, and fed to the roasters in the quantity required to 
make the desired furnace slags. Table 2 shows the quantities of the 


TaBLE 2.—Roaster Feed, Jan. 1 to June 30, 1933 


Material | Dry Tons Per Cent 

Smelting ore. 9 SANE RSOLAD SRM Beer De Ee 274,032 4.9 
Bhxingrore:) det. AOS IVETE OS... GORI oT 80,435 19.1 
Concentrates. 2% 2 4.Kq5ihon49- te etsacec-atam-olt. ws 67,168 15.9 
CLERC ORE tot oe EERE Ee CORO See Fr ie 34 
INGNREIG oe, oe) SRE A RRR Se eee 519 0.1 

RLOLal Tee tLOTOASUETA attra eu ohic 6. ae dar? 5. 5 Packie 422,188 100.0 
Caleimerpro deed neers. tetey sat Weekes bes gs coc 384,459 91.2 
Roaster Cottrell dust produced. .. 0... 2. oe et es ye ee 17,705 4.2 


various materials that made up the roaster feed for January to June 
inclusive, 1933; also the quantity of calcine produced and the dust 
recovered in the roaster Cottrell plant in the same period. In Table 1 
are given the composite analyses of the ores and concentrates smelted 
and the analyses of various intermediate products for the same period. 

Under present conditions, the matte made in the reverberatory 
furnace contains from 18 to 24 per cent copper. Fixing the grade of matte 
to be made is not merely a roasting problem but one that involves the 
consideration of other factors such as furnace capacity, fuel ratio, relative 
reverberatory-furnace and converting costs, and plant tonnage as a whole. 

In a reverberatory-furnace smelting operation the grade of the matte 
produced depends on the copper-sulfur ratio of the roaster feed and on the 
amount of sulfur eliminated in the roasters and reverberatory furnaces. 
At Noranda, the copper content of the roaster feed is comparatively low, 
varying from 3.5 to 5 per cent copper, and to produce high matte it would 
be necessary to secure high sulfur elimination in the roasters and rever- 
beratory furnaces. The elimination of sulfur in a reverberatory furnace 
depends on reactions between oxides, sulfides and sulfates in the charge 
and on the oxidation of the sulfides of the charge by oxygen in the furnace 
gases. The latter can be increased by using a great excess of combustion 
air and high draft, but this does not give good firing conditions. The 
function of a reverberatory furnace is to smelt a maximum tonnage of 
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solid charge with the best possible fuel ratio. On the accomplishment of 
this depends the ability of the smelter to treat a large tonnage of ore at 
low unit cost and the elimination of sulfur in the reverberatory furnace, 
although desirable, is only incidental. 

Sulfur elimination in the roasters is a more complex problem, governed 
by variable factors such as the mineral composition, the size and the sulfur 
content of the roaster feed. Decrepitation, which favors more complete 
roasting by presenting a greater surface for oxidation, does not occur with 
the Horne sulfide ore, probably because of the quantity of pyrrhotite 
present. The roasting of the ores and concentrates results in the forma- 
tion of oxides and sulfates of iron and copper. The iron oxides produced 
are Fe.03 and Fe;O, (magnetite), and with the exception of a part of 
the Fe;0. which goes out with the slag, these oxides must be reduced to 
FeO in the reverberatory furnace before the iron can be fluxed and 
removed as slag. Two of the more important reactions in the reduction 
of the iron oxides are as follows: 


3Fe.03 + FeS — 7FeO + SO, 
3Fe;0, + FeS — 10FeO + SO, 


The resulting FeO unites with the silica of the charge to form slag 
while the SO. escapes with the furnace gases. It follows that the speed 
with which the iron oxides can be reduced to FeO depends on the quantity 
of iron sulfide present in excess of that required to satisfy the equations. 
For this reason, a charge low in sulfur is more refractory than one high 
in sulfur. 

Table 3 shows the quantity of magnetite in the calcines, converter slag, 
and reverberatory furnace slag for the month of May, 1933. About 88 
per cent of the magnetite in the furnace charge is reduced in the furnaces. 
As much magnetite as possible should be reduced in the furnace because 
excessive magnetite in the slag causes high slag losses and if magnetite 
settles out in the furnace bottom it causes trouble in tapping the matte. 

Another consideration in controlling the degree of roasting is that the 
calcine from a “dead” roast is not as hot as that from a “green” roast and 
it is well known that the temperature of the furnace feed has a great 
effect on the tonnage that can be smelted in a reverberatory furnace. 
The grade of the matte produced has a further effect on the smelter ton- 
nage. The total quantity of flux used in the roasters and converters to 
produce a required slag from a given tonnage of smelting ore and con- 
centrates of fixed analysis is constant. The quantity of converter flux 
required (assuming a constant converter-slag analysis) depends on the 
quantity of matte produced. If the grade of the matte is lowered and the 
quantity thus increased more of the fluxing ore must be used as converter 
flux, which reduces the quantity of flux to be fed to the roasters, and thus 
reduces the quantity of caleine that would be produced in making up a 
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smelting mixture from the given tonnage of smelting ore and concentrates. 
But since the tonnage of calcine that can be smelted in the reverberatory 
furnaces remains the same, it follows that increasing the quantity of 
converter flux used by lowering the grade of the matte will increase the 
total tonnage smelted by the additional quantity of converter flux 
required by the lower grade of matte. 


TABLE 3.—Quantity of Magnetite for One Month 


Fe304 

4 Material 

‘ R ; 

a Tons Per Cent Tons mee Hoverbs, 

: ie Ee a we ee 64,703 | 10.4 6,729 47 

1 ORVOLCCT SIRT ion coe. es oe ays 42,550 17.2 7,319 53 
Reverberatory slag............. 70,330 Pele 1,618 | 12 88 


* This table was compiled from actual tonnages and analyses for the month of 
May, 1933. 


For these reasons the roast is so controlled that the quantity of matte 
is sufficient to keep all the available converters operating at full capacity. 
Ordinarily, four converters are available for about two-thirds of the time, 
one being kept under repairs during the rest of the time. Up to the 
present there has been only enough converter air available for three 
converters, so that when four converters are tapped into, only three are 
blown at a time. With the new centrifugal blower recently installed 
there is converter air capacity sufficient for four converters but as yet it 
has not been used. 

As has been mentioned, the size of the roaster feed is an important 
factor in the control of smelting operations. The finer the charge, the 
more easily it can be roasted and the hotter the calcines will be for the 
same sulfur elimination. Up to a certain point, the finer the charge to 
the furnaces, the more easily it can be smelted, partly because of the 
more intimate mixture of the materials of the charge and partly because 
of the lower angle of repose in the furnace, which exposes a greater 
surface of charge to the heat of the flame. If the charge is too fine, 
however, it slides too far into the furnace, filling up the bath and reducing 
the area available for combustion. For this reason, the roaster feed is 
crushed as fine as possible without producing excessive sliding in the 
reverberatory furnaces. 


ROASTER OPERATION 


The roasters as designed were rated at 150 tons of feed per roaster day. 
After it was found possible to smelt 1000 tons a day in one reverberatory 
furnace, it became evident that when the second unit was started it 
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would be necessary to almost double the tonnage per roaster day, since 
there were only four roasters for each reverberatory furnace. Accord- 
ingly, considerable experimental work was done to find the maximum 


tonnage of feed that the roasters were capable of handling with satis- 


factory sulfur elimination. 

The original speed of rotation of the roaster shaft was one revolution 
in 80 seconds. This was gradually increased to the maximum possible, 
which was found to be one revolution in 55 seconds; higher speeds than 
this produced excessive vibration and wear in the moving parts. At this 
speed the capacity of the roasters is about 325 tons of feed per roaster 
day, reducing the sulfur content from 24 per cent in the feed to 11 or 
12 per cent in the calcine. 

Increasing the feed to the roasters brought some troubles with it. 
The temperatures throughout the roasters were increased, a maximum 
of 1400° to 1500° F. being reached on the third and fourth hearths, and 
these high temperatures together with the increased gas volume caused 
the fine particles carried up by the gases to sinter on the underside of the 
second and fourth hearths, above where the gases came up through the 
outside drop-holes on the third and fifth hearths. Chemical analysis 
showed that this material was mostly oxidized pyrite fines which 
“flashed” in the blast of gas and collected as a fused mass on the under- 
side of the second hearth. It abraded the rabble arms and was a source of 
constant trouble until a mechanical means was found for removing it, by 
devising a plough to be attached to the top of a rabble arm on the third 
hearth. 

An attempt was made to reduce the gas velocity through the drop- 
holes by bleeding a part of the gases from the fourth hearth directly into 
the roaster uptake. This experiment was unsuccessful, because it 
lowered the temperature of the top hearths and therefore reduced the 
efficiency of the roaster. It is impracticable to increase the size of the 
outside drop-holes without completely rebuilding the hearths. The area 
of the opening on the center drop hearths was increased by removing two 
courses of the hearth brick. 

Other sources of trouble have been the breaking of the cast-iron lute 
rings that form the seal between the outside drop hearths and the shaft, 
and the losing of the brick on the central shaft. Lute-ring trouble se 
been eliminated by minor changes in design; the column brickwork has 
been improved by supporting the sections of brickwork at every hearth 
instead of at every second hearth. 

Various designs and materials have been used for the rabble blades, 
which are carried on hangers that slide on the roaster arms. As arias 
designed the rabble holders were the same on both the out and the in 
hearths, while the rabbles were different. It has been found to be more 
convenient to have different holders for the out and in arms on the differ- 
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ent hearths and to use interchangeable blades. Various materials have 
been used for blades, the results showing that white iron is most econom- 
ical for the dry and first-hearth blades, heat-resisting chrome-nickel alloys 
for the hot hearths, and cast iron for the two bottom hearths. 

' Ordinarily a roaster must be shut down about once a year for general 
overhaul. Considerable wear on rabble blades can be saved by ploughing 
up the hearths and rebedding them with siliceous ore, at each major 


roaster repair. 


The charge is not self-roasting, from 5 to 10 Ib. of pulverized coal 
being required per ton of calcine. There are two pulverized-coal burners 
on each roaster, one on the third hearth and one on the fifth. The method 
of supplying the coal to the burners was described earlier in this paper. 

The roaster gases leave the roaster at about 1000° F. and contain 
approximately 5 per cent SO2 by volume. About 4.5 per cent by weight 
of the roaster charge is recovered as dust in the roaster Cottrell plant. 

Roaster draft varies from 0.20 to 0.40 in. water gage. It is measured 
at the inlet header of the Cottrell and is controlled by adjusting the outlet 
dampers of the treaters. 

The temperature of the calcine as it falls into the hoppers below the 
roasters varies from 1100° to 1250° F. 


OPERATION OF CONVERTERS AND ANODE DEPARTMENT 


The only unusual feature of the converter operation is the treatment 
of large quantities of low-grade matte to make a comparatively small 
production of copper. Four converters, only three blowing at a time, 
are used, except for periods when a converter is being relined. Because 
of the shortage of blower capacity, air pressure at the converters recently 
has been only about 9 lb. at the converters, but with the new blower it is 
expected that 12 lb. will be obtained. The 12 by 26-ft. converters have 
forty 114-in. tuyeres and the 13 by 30-ft. converters have forty-four 
114-in. tuyeres. 

Practically no converter reverts are now returned to the roasters or 
reverberatory furnaces for resmelting. All floor cleanings, ladles skulls 
and converter-slag launder cleanings are treated in the converters. The 
converter slags contain about 25 per cent SiOz. 

The copper is blown to blister copper in the converters and is then 
transferred to the anode furnace. Ordinarily, three converter charges 
are required to fill the anode furnace. The blister copper contains 
about 98.5 per cent copper. The copper is usually made on the after- 
noon and night shifts and the anode charge is refined to 99.4 per cent 
copper and cast into anodes on the day shift. 


REVERBERATORY FURNACE PRACTICE 


The original furnace construction is shown in Fig. 10. Two of the 
unusual features were the bridge wall about 12 ft. from the firing end of 
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the furnace and the hot-air ducts which led up through the furnace bottom 


between the firing wall and the bridge wall, and served to introduce the 


air from the preheater into the furnace. This construction gave trouble 
and had to be changed to a more orthodox design. 
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~=Secnen AA —= Section B-R— 
Fic. 10.—ORIGINAL CONSTRUCTION OF REVERBERATORY FURNACE, 


The bridge wall was exposed on both sides to the heat of the coal 
flame and started to burn out soon after the furnace was “blown in” 
in December, 1927. After six days most of the bridge wall was gone and 
the hot-air passage under the furnace was partly filed with slag which 
had overflowed from the furnace. At the suggestion of J. Howard, the 
general foreman, the duct from the preheater was bricked off and the air 
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passages under the furnace were completely filled with molten converter 
slag. The bridge wall was allowed to burn out completely, and addi- — 
tional charging holes were provided for introducing the charge along the 
side walls between the firing wall and the original position of the bridge 
wall. The converter-slag launder was too long and flat, and its position 
on the side wall prevented the use of some of the added charging holes. 
It was moved so that the converter slag could be poured into a shorter, 
steeper launder through the firing wall of the furnace. The use of pre- 
heated air was temporarily abandoned while these changes were being 


_ made, but afterwards pipes were provided for bringing the hot air from 


the duct alongside the furnace into the bottom half of the furnace burners. 
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Fic. 11.—PRErsENT BURNER ARRANGEMENT. 


These pipes were comparatively small and some time afterwards when 
the furnace tonnage was being increased, and it was necessary to burn 
more coal, the burner design was changed and these pipes were removed, 
ducts for the hot air being provided under the burners, as shown in Fig. 11. 

After these changes had been made the quantity of solid charge 
smelted per furnace day was about 700 tons. The first big improvement 
was made by J. Howard, the general foreman, by introducing air from 
the converter blowers into the furnace burners. Fig. 11, which shows 
the present burner arrangement, illustrates how the converter air was 
introduced, except that the first pipes used were only 2 in. in diameter, 
as compared with the 4-in. pipes now used. Providing this additional 
amount of air made it possible to burn more coal and gave a short, 
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: intensely hot flame, which increased the furnace capacity from 700 to 900 


tons of solid charge per furnace day. 

Increased outlet-flue area was required to allow more coal to be burned 
therefore this area was increased from 68 sq. ft. to 132 sq.ft. The uptake 
arch construction shown in Fig. 10 gave trouble and was changed to a 
straight-line arch. These changes together with the changes at the 
firing end already mentioned were incorporated in the design of No. 2 
furnace, which was only partly finished when the smelter was started. 

The present furnace construction is shown in Fig. 12. It will be 
noticed that the double outlet has been changed to a single outlet. This 
change was made early in 1933 when a header flue for the two furnaces 
was built in order to supply furnace gases to the waste-heat boilers. 
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Fig. 12.—(Continued). 


The area of each present furnace outlet is 153 sq. ft. The reasons for 
and the effects of the various other improvements in the furnace construc- 
tion will be found in the following discussion. 

Experience has shown that the four most important requirements for 
good firing conditions in a reverberatory furnace are: (1) dry finely 
pulverized coal; (2) absolute control over the quantities of coal and 
combustion air; (3) complete combustion of the coal without the use of 
an undue excess of air; and (4) obtaining a short, hot flame by intimate 
mixing of the coal and all the combustion air as soon as possible in 
the furnace. 

The fineness of the pulverized coal is from 80 to 85 per cent minus 200 
mesh. Still finer coal would give better results, but this is the best that 
can be done with the present equipment. Proper combustion depends 
on having positive regulation over both the coal and the combustion air. 
As has been mentioned, the quantity of coal can be regulated at will by 
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the furnace operator. The combustion air is supplied as primary air 
with the coal, as secondary air under the burners, and as converter air 
reduced to 5 lb. in the burners. The quantity of primary air is constant, 
the quantity of secondary air is small and subject to control, and the 
converter air may be controlled by valves on each of the pipes leading to 
the burners. od 

Our experience has shown that the best firing conditions are obtained 
with from 0.5 to 1.0 per cent oxygen in the furnace gases, sampled at a 
point 75 ft. from the firing wall of the furnace. With a lower oxygen 
content, carbon monoxide is usually present, indicating a long flame and 
incomplete combustion in the smelting zone; the excess of air indicated by 
a higher oxygen content decreases the flame temperature and thus the 
rate of smelting. 

A water-cooled sample tube is used for taking the gas samples, and 
the analysis is made with an Orsat apparatus. The analysis of a typical 
sample is as follows: COz + SOs, 18.2 per cent; Oz, 0.8; CO, 0.0. The 
gases usually contain from 1.0 to 1.5 per cent SO2, depending on the 
nature of the charge. The furnace draft is measured at the gas-sampling 
hole, and is kept between 0.08 and 0.10 in. water gage by regulating the 
dampers in the bypasses at either end of the furnace header flue. 

_Since 1929 the capacity of the reverberatory furnaces has been 
increased from 900 to 1267 tons of solid charge per furnace day in 
December, 1933. The various factors that have resulted in this increase, 
in. the approximate order of their development, are given below: 

1. The use of more air from the converter blowers. 

2. Widening the furnace by decreasing the thickness of the side walls 
and increasing the effective width of the furnace by moving the drop- 
holes as close to the side walls as possible. 

3. Increasing the cross-sectional area of the combustion chamber by 
raising the furnace arch. 

4. The use of hot air from the preheater to furnish hot primary air. 

5. Operating the roasters to give calcines as hot as possible. 

6. Using a charge as fine as possible. 

Quick, complete combustion of the coal requires an intimate mixing 
of the coal and the combustion air as soon as the mixture is introduced 
into the furnace. By using converter air, it is possible to introduce a 
large proportion of the combustion air into the burner, with the result 
that a short, intensely hot flame is produced. Each increase in the size 
of the converter air pipe in the burners has been marked by an increase 
in furnace tonnage. The pipes now being used are 4 in. in diameter and 
it is estimated that they supply from 45 to 50 per cent of the combustion 
air. About 35 per cent of the combustion air is introduced as primary 
air; this cannot be increased because the mixture would then be liable to 
catch fire or explode. 
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The quantity of fuel that can be burned efficiently depends on the 
flue area of the furnace and the effective cross-sectional area of the 
combustion chamber. Each furnace now has an outlet-flue area of 153 
sq. ft. and the combustion area in the smelting zone has been made as 
large as possible by decreasing the thickness of the furnace walls from 
27 to 1314 in. and by raising the arch of the furnace in the smelting zone 
24in. As shown in Fig. 12, the raised section of the arch extends from the 
firing wall 50 ft. towards the front of the furnace, and a sloping section 
1114 ft. long connects the raised section with the rest of the furnace 
arch. Various lengths of both the raised and the sloping sections have 
been tried and it has been found that the construction shown gives the 
most satisfactory furnace tonnage together with longer life for the 
sloping section of the arch. 

Moving the drop-holes close to the side walls has increased the 
available combustion area and minimized the burning out of the side. 
walls, because more protection is provided to the side walls by the change. 

The use of hot primary air has been discussed under the operation of 
the preheater. 

The roasters are operated to make the calcine as hot as possible with- 
out producing an excessive quantity of matte. Heat losses from calcine 
are minimized by emptying the roaster hoppers every half hour, each side 
of the furnace being charged alternately, and by storing no calcine in 
the furnace feed bins. Roaster and furnace operation must be coordi- 
nated so that the quantity of calcine being produced takes care of furnace 
requirements without excess or shortage. Roaster shutdowns for excess 
calcine are held to the absolute minimum. 

As has been mentioned, the fineness of the roaster feed is controlled 
so that it is as fine as possible without producing excessive sliding in the 
furnace. If the charge slides so much that it meets in the center, the 
flow of slag and matte to the skimming end of the furnace is interrupted 
and they overflow at the burner end while at the same time there is little 
or no slag at the skimming end. If this condition occurs charging must 
be discontinued and more coal put on the center burners to smelt the 
material in the center of the furnace. 

The smelting of roaster Cottrell dust has given more trouble as the 
quantity recovered has increased, owing to more concentrates on the 
charge and higher roaster tonnages. This material from its nature slides 
badly in the furnace. Present practice is to charge small quantities of 
dust at frequent intervals and to confine the charging to about 20 ft. on 
one side of the furnace, thus localizing the effect of sliding. 

In Table 4 are given the tonnages and fuel ratios for the reverberatory 
furnaces by years from 1928 to 1933. The fuel ratio is the percentage 
ratio of the coal burned. in the reverberatory furnaces to the dry tons of 
solid charge, exclusive of the liquid converter slag. The weight of the 


TaBLE 4.—Reverberatory Tonnages and Fuel Ratios 
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Per 
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and includes any coal burned in . 


the drier furnace. 
solid charge smelted per furnace 
day has been increased from 694 
tons in 1928 to 1193 in 1933. The 
lost time for major arch repairs 
was reduced by better arch con- 
struction from about 18 furnace 
days in 1930 and 1931 to about 9 
days in 1932. The high lost time 
for the first half of 1933 was due 
to shutdowns for the new furnace 
flue construction. In 1928 and 
1929, when only one furnace was 
operating, there was little or no 
lost time for arch repairs because 
the second furnace was started up 
before the operating furnace was 
shut down for repairs. 

In Table 5 are given the total 
tonnages of ores and concentrates 
smelted, the quantities of coal 
burned in the roasters, reverbera- 
tory furnace and anode furnace, 
and the ratio of the total coal 
burned to the total tonnage 
smelted by years from 1928 to 
1933. The highest monthly 
average tonnage so far obtained 
was 1259 tons of solid charge per 
furnace day on No. 1 furnace in 
March, 1933. In February, 1933, 
while one furnace was down for 
repairs and there was plenty of 
roaster and converter capacity 
available, the other furnace smelted 
1437 tons of solid charge in 24 
hours. 

Table 6 shows the percentages 
of the various materials that made 
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up the solid charge to the reverberatory furnace for the six-month period 
_ January to June, inclusive, 1933. The only materials in the solid charge 
_ that can be classed as secondary products are the converter Cottrell and 


TABLE 5.—Ores Smelted and Fuel Consumed 


Percentage of 


Total Ores Coal to Coal to Coal to Total Coal | Total Coal 

Date and Concen- Roasters, Reverbs, | Anode Fur- Burned, Burned to 

trates Smelted Tons Tons nace, Tons Tons Total Ores 
Smelted 
1928 271,926 172 31,696 31,868 11372, 
19292 428,221 964 43,784 44,748 10.45 
19308 734,073 6,809 78,535 85,344 11.63 
1931 765,544 7,123 81,321 1,602 90,046 11.76 
1932 918,568 11,023 85,933 1,448 98,404 10.71 
1933 1,010,630 6,029 90,045 1,516 97,590 9.66 


2 One furnace operating 12 months; one furnace 114 months. 
> Both furnaces operating 12 months. 


TABLE 6.—Distribution of Furnace Feed 
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2 97.7 per cent of solid charge is new revenue-bearing material. 


balloon flue dust and the converter reverts. The total of these three is 
2.3 per cent, so that 97.7 per cent of the furnace charge is new revenue- 


bearing material. 
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In 1929, when the furnace capacity was 900 tons of solid charge per 
furnace day, the average arch life between major repairs was about 90 
days. Since that time, various improvements in arch construction have 
been made and at present the interval between major repairs is from 150 
to 200 days when smelting 1250 tons of solid charge per furnace day. 

The part of the furnace arch that burns out most frequently extends 
from a point 10 ft. from the firing wall to a point 50 ft. from the firing wall. 
All the experimental work on arch construction has been done on this 
part of the arch and the figures given for life and tonnage smelted for a 
given arch apply to this section. In 1929 silica brick was used through- 
out for arch construction. The standard brick size was 20 by 6 by 3 in., 
the 20 by 9 by 3 in. size being used to break the joints. One course of 
No. 2 wedge brick was used with four courses of straight brick to give the 
required curvature of the arch. The longer arch life now being obtained 
is due to the following changes: 

1. Raising the arch at the firing end of the furnace and moving the 
drop-holes closer to the side walls. 

2. The use of magnesite shoulders on the arch. 

3. The development of the use of wedge brick 20 by 9 by 41% to 
4115 in., designed so that no straight brick are required. 

The first step taken was to use the 20 by 9 by 3-in. brick, with 20 by 
12 by 3-in. brick to break the joints, which reduced the number of joints 
and leakage of air through the arch; in addition, the arch could be laid 
more quickly. The second step was to use No. 1 wedge brick instead of 
No. 2 wedges; the No. 1 wedge has less taper than the No. 2 wedge and 
only two courses of straights were required for each course of wedges, 
consequently the arch more nearly approximated the true are of a circle 
and stresses in the arch were minimized. A logical development from 
these two steps was to use the 20 by 9 by 414 to 41145-in. brick as the 
standard silica brick, and the 20 by 9 by 4 to 37¢-in. brick as the standard 
magnesite brick. The greatest thicknesses the .brick manufacturers 
consider advisable from a manufacturing standpoint are 414 in. for silica 
and 4 in. for magnesite brick. The size and weight of the bricks are 


‘about the maximum for convenient handling in the laying of the arch. 


Meruops or ArcH Construction Usep anp Resutts OBTAINED 


In 1929 the firing end of arches of both furnaces was raised 13 ae 
a sloping section 11! ft. long being built to join the raised section to the 
rest of the arch; this did not lengthen the life of the arch much, although 
it did increase the furnace capacity. The average life of five all-silica 
arches, during the period from January, 1930, to October, 1930, was 100 
days, with an average tonnage per furnace day of about 900 tons of 
solid charge. In the period from October, 1930, to August, 1931, four 
arches were replaced using 42 in. of magnesite brick on each side and 
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silica brick in the center. The 20 by 6 by 3-in. series of straights and 
No. 2 wedges being used, burned magnesite bricks were used for the first 
two arches and unburned magnesite brick, for the last two. The average 
life of these four arches was 140 days, with an average tonnage of 
900 tons of solid charge per furnace day. There was no difference 
between the arch life obtained with burned and unburned magnesite 
brick because in every case it was the silica brick that burned out 
first. Unburned magnesite bricks are now used ecplneitcl because 
they are cheaper than the burned bricks. 

When No. 1 furnace was repaired in August, 1931, the 20 by 9 iy 3-in. 
bricks were used as the standard and No. 1 wedges instead of No. 2 
wedges and the arch was raised another 5 in. at the firing end. This arch 
lasted 254 days, with an average tonnage of 1000 tons of solid charge per 
furnace day. The next arch on No. 1 furnace was exactly the same 
except that it was raised 5 in.; it lasted 210 days with an average tonnage 
of 1050 tons of solid charge per furnace day. This arch was burned out 
prematurely because one of the burners was tilted up too much. 

In the meantime, two unsuccessful experimental arches had been tried 
on No. 2furnace. The first consisted of the regular unburned magnesite 
brick and silica brick of another manufacturer. This arch lasted 116 
days as compared with 140 days for similar arches using regular silica 
brick. Premature failure was due to inferior quality, many of the 
shapes being warped and the bricks not being of good refractory proper- 
ties. The second arch was a 15-in. arch built completely of unburned 
magnesite brick. An arch of all basic brick is desirable because silica 
brick are fluxed by the basic dust of the charge, and the purpose of this 
experimental arch was to find whether magnesite brick were strong enough 
to be used for the entire span of the arch. The arch failed after 37 days, 
the brick crushing and spalling under the heavy load at high temperature. 

An intermediate step between using the 3-in. straights and No. 1 
wedges and the 414-in. all wedge brick was to use the all wedge 20 by 9 by 
3 to 27<-in. series. An arch built of this brick on No. 2 furnace in July, 
1932, lasted 226 days, with an average tonnage of 1125 tons of solid 
charge per furnace day. 

Since then the larger sizes of silica and magnesite brick have been 
used for all arch construction at the firing end of the furnace. Except 
for the experimental all-magnesite arch, 20-in. brick had been used 
exclusively; in May, 1933, a section of the arch on No. 1 furnace was 
built using 15-in. brick, but this lasted only 89 days with an average 
tonnage of 1134 tons of solid charge per furnace day. In view of this 
performance, 20-in. brick seems to be the minimum for use at the firing 
end of the furnace. 

No figures are as yet available for the arch life that will be obtained 
by the use of the large all-wedge brick (20 by 9 by 414 to 4114 in.). One 
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outlet and header flue construction work done early in 1933. 


The authors believe that the maximum life obtainable will be from 


180 to 200 days when smelting 1200 tons of solid charge per day. It is 
not possible to use wider magnesite shoulder and thus increase the arch 
life because the magnesite bricks will not carry a greater load than they do 
now with a 44-in. width of shoulder. The only way in which the advan- 


tages of magnesite brick for the entire arch span can be utilized is by — 


some form of suspended arch. 


CoNCLUSION 


In Table 7 are given the total tons of smelting ore, concentrates and 
fluxing ore smelted and the production of gold, silver and copper by years 
from 1928 to 1932,inclusive. Table 5 shows that the quantity of material 
smelted in 1933 was 1,010,000 tons of new metal-bearing material. 
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Fic. 13.—ToNNAGES SMELTED FROM 1928 To 1933. 


In Fig. 13 are plotted the total tons and the tons of solid charge 
smelted by years for the period 1928 to 1933 inclusive. The present 
plant costs for material, labor, fuel and power are: material, 19.6 per cent 
of total cost; labor, 31.4; fuel, 41.1; power, 7.9. Fuel, labor and power 
make up over 80 per cent of the cost. In the period January, 1928, to 
June, 1933, there was no change in the scale of wage or in the price patel 


arch on No. 1 furnace burned out in 165 days but its period of servic 2 was 
interrupted and seriously shortened by a four-day shutdown for the new 


EE —— —<—_—- 


‘soul Ww. 'B, BOGGS AND J. N, ANDERSON 

ee f 

. re for coal andpower. The marked decrease in the cost per ton of new metal- 
_ bearing material smelted has been due almost entirely to the greater 


tonnage and increased efficiency. -_ 


TaBLe 7.—Tonnages Smelted and Metals Produced 


New Metal-bearing Erosuction 

Year Material Smelted, 

apne Gold, Oz. per Ton | Silver, Oz. per Ton Copper, Lb. 
1928 271,926 52,949 186,277 33,065,261 
1929. _ 428,291 68,732 334,279 51,223,115 
1930 734,072 117,393 691,920 75,509,373 
1931 765,544 253,368 558,801 62,759,355 
1932 918,567 341,350 619,597 63,013,485 
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Smelting Operations at Roan Antelope Copper Mines, 
Limited 


By Cuarues R. Wrairu,* LuansHya, NORTHERN RHODESIA, AFRICA 


(New York Meeting, February, 1934) 


Tue property of the Roan Antelope Copper Mines, Ltd., is situated 
at Luanshya, north central part of Northern Rhodesia, and is connected 
with the main line of the Rhodesia Railways, Ltd., by a 24-mile branch 
line from N’dola. Most of the material and supplies that are not available 
in Africa are shipped into the country via Beira, on the East Coast of 
Africa, a distance of 1473 miles from Luanshya and the nearest ocean 
port. The output of copper is shipped by rail to Beira and thence by 
boat to the market. Passenger travel is mostly via Cape Town, a distance 
of 2162 miles from Luanshya. Excellent passenger trains operate on 
regular schedules between Cape Town and Northern Rhodesia. 

Luanshya is 13° south of the equator at an elevation of 4000 ft. above 
sea level, and has a mild healthful climate. During the rainy season, 
from October to March, the rainfall averages 53 in. The area is pro- 
fusely covered with vegetation. An ample supply of water for industrial 
and domestic purposes is available throughout the year. 

The more important supplies for smelting purposes, such as wood, 
coal, limestone, silica, quartzite, and clay for “dolly” mud, are con- 
veniently available. Excellent grades of coal, coke and firebrick are 
obtained from the Wankie Colliery Co., Ltd., Southern Rhodesia. The 
Wankie colliery has just completed the erection of equipment for the 
manufacture of silica brick. An ample supply of quartzite of good grade 
is available for this purpose. Silica brick is also obtained from the 
Belgian Congo and from India. Limestone is quarried from a large 
deposit a few miles from Bwana Mkubwa, which is 30 miles by rail from 
the smelter. An abundant supply of clay for “dolly” mud and for lining 
launders is available within a short distance of the smelter. 


METALLURGY 


Copper is contained in the ore as chalcocite, chalcopyrite and bornite. 
Chalcocite predominates in the eastern end of the orebody almost to the 
exclusion of other copper minerals. The amount of chalcocite decreases 
with a corresponding increase of chalcopyrite and bornite toward the 
western extension, where the latter predominate. 


* Superintendent of Smelter, Roan Antelope Copper Mines, Ltd. 
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Mining operations are, and will be for several years, restricted to 
the eastern extremity of the orebody. The concentrate that is RE Sg 


from this ore is primarily a mix- 
ture of chaleocite (Cu.S) and 
gangue material (shale). The 
small amount of oxides present 
contributes to the degree of sulfur 
elimination, which takes place 
when the concentrate is smelted, 
so that over 90 per cent of the 


iron present is converted to an 


oxide and enters the slag. This 
condition has the twofold advan- 
tage of utilizing the iron for flux 
and of producing a high-grade 
matte. The matte contains 79.00 
per cent copper and only 0.5 per 
cent iron—almost pure Cu,S. 
Even though practically all the 
iron present is available for flux, 


there is still a deficiency of bases - 


for the production of a satisfac- 
tory slag. The deficiency is sup- 
plied by the addition of limestone 
to the charge. Limestone flux 
has the beneficial effect of decreas- 
ing the specific gravity of the slag 
and of counteracting to some 
degree the thickening influence of 
the alumina present. 

As the concentrate is primarily 
a mixture of chalcocite (Cu2S) 
and shale, a variation in the copper 
content has no effect on the grade 
of matte produced. A low-grade 
concentrate will produce the same 
grade of matte as a high-grade 
concentrate. The volume of 
slag, however, varies inversely 
with the concentrate grade. 


Fia. 1.—GENERAL VIEW OF PLANT, RoaAN ANTELOPE CopprR MINES. 


As the mine is extended westward and the proportion of iron sulfide 
increases in the ore, the smelting operations will benefit from the increased 
fluxing value of the iron contained in the concentrate. 
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It was apparent, from the analysis of the concentrate produced by 
preliminary concentrating tests, that a high-grade matte and a slag 
abnormally high in alumina would be made in the reverberatory furnace. 
Many metallurgists held the opinion that considerable difficulty would 
be experienced in tapping, transporting and converting the matte, also 
that a “‘cold-bottom” would exist in the reverberatory furnace. The 
high alumina content suggested the possibility of having to provide a 
special method for re-treating the viscous reverberatory slag that would 
be produced. : 

Such points as these had to be determined before the design of the 
smelter could be completed. 


Except for the practice of the Union Miniére du Haut Katanga, at its 


Panda plant, Belgian Congo, where metallic copper is regularly tapped 
from the reverberatory furnaces, and at its refinery at Oolen, Belgium, 
where black copper is ‘‘blown” in a coal-fired converter, no accurate 
information concerning tapping and converting high-grade matte 
was available. 

Preliminary smelting tests were made in a 4 by 6-ft. oil-fired rever- 
beratory furnace. The concentrate for these tests was produced by a 
small pilot concentrating plant. These tests proved that: 

1. Limestone was the best flux to use. 

2. A calcic-silicate slag containing up to 15 per cent alumina and 
having a silicate degree approaching a bisilicate was sufficiently fluid 
to be handled and to permit satisfactory separation of the matte. 

3. Matte containing 80 per cent copper could be tapped from a 
reverberatory furnace in the usual manner. 

4. The amount of launder and ladle skulls produced would not be 
abnormal. 

5. Matte containing 80 per cent copper could be blown in a con- 
verter without the addition of extraneous heat during the blow, but the 
converter would have to be heated between blows. 

6. A satisfactory fuel ratio could be obtained. 

7. A satisfactory recovery of copper could be obtained. 

Whether or not a “‘cold-bottom”’ would form in the reverberatory 
furnace could be determined only from actual practice. 


FLow SHEET 


The general arrangement of operating and service departments pro- 
vides for short, convenient means of transporting and handling products 
and material and allows ample space for further extension. 

The coarse crushing plant and concentrator are situated near the 
main shaft of the mine. The ore is automatically discharged from the 
skips into steel receiving bins from which it is fed directly into a No. 9 
gyratory crusher. The crushed ore is carried on an inclined belt conveyor 
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to 54-ft. Symons cone crushers and then delivered to storage bins in 
_ the concentrator. 


The concentrate, diluted to a fluid pulp (40 per cent water) is pumped 
through a 3-in. pipe line to the Oliver filter plant at the smelter, a dis- 
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Fig. 2.—F.Low sHEet, Aprit, 1933, RoAN ANTELOPE SMELTER. 
tance of 1700 ft. The filtered concentrate is delivered to a weighing 
machine and thence to the smelter storage bins by a system of inclined 


belt conveyors. 
The smelter crushing plant is situated near the smelter storage bins. 


Crushed flux and revert material are delivered to the smelter storage bins 
by belt conveyors. 


206 


- The reverberatory charge is transported from the storage bins to the 


reverberatory furnace (700 ft.) by a trolleycar specially designed to 
weigh and mix the ingredients of the charge. 

The course of the material through the smelting plant is shown i in the 
accompanying flow sheet (Fig. 2). 


_ _. Smeuttine PRAcTICE 


The smelter commenced operations on Oct. 15, 1931, when the first 
charge was fed to the reverberatory furnace. The first copper was cast 
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on Oct. 20, 1931. Except for the usual ‘‘starting-up pains” no difficulties 
of any moment were experienced. Early troubles were due chiefly to the 
inability of the operators to shut off the tap-hole and, as a consequence, 
several matte “runaways” were experienced. 

Actual practice has demonstrated the metallurgy to be even more 
simple than was indicated by the preliminary smelting tests and the 
efficiency factors and costs to be better than the original estimates. Some 
of the outstanding features that contribute to the simplicity of operations, 
high efficiency factors and low costs are: 

High Copper Fall.—The copper produced is 57 per cent of the weight 
of concentrate smelted or 53.8 per cent of the weight of the reverberatory 
furnace charge. 

Fuel Ratio.—Although the charge to the furnace contains 8 to 10 per 
cent moisture, the fuel ratio averages 15.5 per cent. This low ratio is 


explained by fs high proportion of matte-forming elements present in 
the charge. 
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the charge. 

Low Slag Fall.—The weight of slag is 26.0 per cent of the charge. 

Low Flux Burden.—The limestone required to flux the concentrate | 
amounts to 6 per cent of the weight of the concentrate. 

High Furnace Capacity—The capacity of the reverberatory in terms 
of copper produced is high. 

Simple Converter Operations.—The converter operation is simply 
the white metal or finishing stage of the usual converter practice. Hence 
no silica flux is required and there is no converter slag to rehandle. The 
- consumption of compressed air is abnormally low. 

High Converter Capacity——The duration of a converter blow is short 
and the tons of copper produced per unit of time is high. 

These factors all contribute to large plant capacity with small amount 
of equipment and labor. 


SAMPLING AND WEIGHING 


The concentrate is sampled and weighed at the time it is transferred 
from the Oliver filter plant to the smelter storage bins. Sample cuts are 
taken from the stream of concentrate as it is discharged from the end of an 
inclined belt conveyor into the hopper of the weighing machine, by an 
automatic bucket sampler which is driven from the head pulley of the 
conveyor. The bucket sampler revolves in a horizontal plane and cuts 
the stream of concentrate every minute. This sample portion is auto- 
matically discharged into a vertical riffle sampler, where it is fur- 
ther reduced. 

The discard portion of the original sample-cut is elevated by a small 
bucket elevator and discharged into the mouth of the weigh-hopper. 

The final sample represents 0.02 per cent of the weight of the con- 
centrate delivered. 

The hopper weighing machine has a capacity to weigh 23 tons of con- 
centrate at a time. The hopper of the weighing machine consists of a 
circular steel drum with dished ends and is provided with an opening in 
the shell through which the material is charged and discharged. The 
hopper is rotated by means of a worm and spur reduction gear coupled to 
a squirrel-cage motor of 8 hp., which is started and stopped automatically 
in synchronization with the starting and stopping of the feeding conveyors 
and ticket-printing mechanism. The hopper complete with motor and 
gearing is supported on a frame, which rests on weighing levers. 

The entire operation of Alling: weighing and discharging is controlled 
by an operator stationed at the scalebeam. The machine is foolproof to 
the extent that the operation of the feeding conveyors, weighing hopper, 
and ticket-printing mechanism are electrically interlocked and the weight 
cannot be printed until the scalebeam is in balance. 


High Matte Fall—The weight of matte is 70 per cent of the weightaf », 
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After the weight is obtained the hopper is revolved 180° and the con- 
tents are discharged into a receiving bin of 30 tons capacity. This bin is 
equipped with a belt feeder which delivers the concentrate on to a 20-in. 
belt conveyor. The capacity of the feeder and belt conveyor is sufficient 
to empty the bin before the next hopper-load is discharged on to it. 

Twenty minutes is required to complete the cycle of loading, weighing 
and discharging. 


CHARGE PREPARATION AND CHARGE-CAR 


The smelter storage bins consist of 18 steel compartments arranged 
in two parallel rows of 9 compartments each. The ingredients of the 
reverberatory furnace charge are delivered over the smelter storage bins 


Fig. 5.—OLIVER FILTER PLANT, SMELTER STORAGE BINS AND CRUSHING PLANT. 
This picture was taken from the smelter smoke stack, and shows the African 
bush in the background, with a bush fire at the left. During the year practically 
the entire bush is burned free of grass. 


by two 20-in. belt conveyors and are distributed to the bin compartments 
by two traveling trippers, one over each row of bins. 

One to three compartments are reserved for limestone flux, one is 
reserved for crushed reverts and the remaining bins are reserved for 
concentrate. Hach compartment has a capacity of 2933 cu. ft. and will 
hold: 175 tons of wet concentrate, 160 tons of crushed limestone, or 
225 tons of crushed matte. The content of each compartment is taken 
as a unit-lot. The weight and analysis of each lot of material is known 
before any of it is removed for smelting. 

Each bin compartment is equipped with a motor-driven apron feeder 
for removing the contents. The switches are arranged within convenient 
reach of the operator, so that he can control all the operations 
of loading, weighing, mixing, traveling and discharging from his posi- 
tion in the cab of the charge-car. 

The charge-car operates on a level track, which extends under the 


storage bins and over a receiving hopper at the reverberatory furnace, a 
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distance of 700 ft. The charge-car performs all the functions of weighing, 
mixing, and transporting the charge. It consists of a circular drum, 7 ft. 
6 in. internal diameter and 6 ft. long, together with motor and reduction 
gears for revolving the drum, all mounted on a frame that is suspended 
from a specially designed weighing mechanism. 

The drum is provided with an opening, 2 ft. long by 4 ft. 7 in., wide, 
upon its periphery for the purpose of charging and discharging the 
material. This opening is fitted with a sliding gate, operated by two 
independent sets of levers, one set for closing and the other for opening 
the gate. These levers engage projecting lugs on the gate so that it is 
held stationary as the drum revolves, thus enabling it to be opened 
for charging or discharging and to be closed when mixing. 

A dial indicates the weight of material in pounds, as the material is 
fed into the drum. A typical charge consists of: 18,800 Ib. wet concen- 
trate, 1128 lb. limestone flux, and, when crushed matte is available, 


Fig. 6.—CHARGE-CAR. 


17,300 lb. wet concentrate, 1050 lb. limestone flux, and 1650 Ib. crushed 
matte skulls. This fills the drum a little more than half full, which 
allows sufficient empty space for proper mixing. 

A system of motor-operated cams is provided for lifting the frame 
and its load, so that there is no weight on the knife-edges when weighing 
is not being done. 

The drum is revolved and its contents mixed during the time the car 
travels from the storage bins to the reverberatory furnace. 


SMELTER CRUSHING PLANT 


The equipment of the smelter crushing plant consists of six storage 
bins, one 24 by 15-in. jaw crusher, one 514-ft. Symons cone crusher, and 
one set of 42 by 16-in. rolls in closed circuit with two 4 by 5-ft. Hum-mer 
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vibrating screens, all arranged in the order mentioned and provided 
with the necessary feeders and conveyors. The crushed product is con- 
veyed to the smelter storage bins by means of a 20-in. inclined belt 
conveyor. 

Limestone flux is crushed to pass a 4-mesh screen. Smelter reverts 
are crushed to 74-in. size—the product of the Symons crusher. 

The plant has capacity to crush, in 8 hr., a supply of limestone flux 
sufficient for 10 days’ smelting operations. 


Fic. 7.—BuRNER END OF REVERBERATORY FURNACE. 


A sampling plant is situated between the Symons crusher and roll 
crushing plant and consists of a 60-in. Snyder sampler, a set of 24 by 14-in. 
rolls, and a vertical riffle sampler. 


REVERBERATORY SMELTING 


The reverberatory furnace is built with silica brick and is 25 ft. wide 
and 100 ft. long, inside dimensions. (The furnace as originally con- 
structed was 120 ft. long.) The side walls are 24 in. thick and 7 ft. 
6 in. high. The arch is 18 in. thick for a distance of 65 ft. from the 
burner wall and 15 in. thick for 26 ft. over the settling zone. The radius 
of the arch is 35 ft. The 15-in. arch was originally constructed with a 
droop of 3 ft. in 88 ft. It was thought that a droop in the arch would 
be necessary to maintain sufficient temperature over the surface of the 
bath to keep the high-alumina slag in a fluid condition. Later it was 
found that the droop was unnecessary, so at the time of the first arch 
repair, when the uptake area was increased from 64 sq. ft. to 96 sq. ft., 
the droop was removed. The 18-in. arch is provided with ribs (12 in. 
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high and 15 in. wide) spaced at 5-ft. intervals. When the brickwork of — 


the arch has been corroded to a thickness of about 10 in., the panels 
between the ribs are filled in with silica brick, thus providing an additional 
12-in. thickness to the roof, and consequently a longer furnace campaign. 

The usual method of tying the furnace is used: 15-in. box-type buck- 
stays held at the bottom by concrete abutments and tied across the top 
of the furnace with 2-in. dia. tierods are spaced at 5-ft. intervals along 
the side walls. The furnace is tied longitudinally by four 334-in. dia. 
tierods, two at each side. The end buckstays are similar to those along 
the side walls. Cast-steel skewback plates are bolted to the buckstays 


_ to form a continuous tie between the buckstays, the full length of the 


furnace. 

The furnace is heated with pulverized coal.. The combustion mixture 
is blown into the furnace through four 12-in. dia. burner: pipes, spaced 
at 4-ft. centers in the end wall. The outside burner pipes are 6 ft. 6 in. 
from the side walls. ' 

A central pulverizing plant situated 800 ft. east of the smelter site 
furnishes the powdered coal for use in the direct-fired boilers at the power 
plant and for heating the reverberatory furnace, converters and casting 
drum at the smelter. The pulverizing equipment consists of: one 
‘Pennsylvania Hammer” coal crusher, two coal-fired rotary driers, and 
three 8 by 5-ft. ‘“‘air-swept” Hardinge ball mills coupled with “super- 
fine” classifiers and a cyclone dust collector. The powdered coal is 
transported through a 6-in. pipe line to the point of consumption by two 
6-in. Fuller-Kinyon pumps. 

The coal is pulverized to a fineness of 80 per cent through a 200-mesh 
screen. The coal and ash analyses are as follows: 


Coat ANALYSIS ANALYsIS OF AsH 

British thermal units.............. 18,640 _. Pur Cent 
Pan Cann SlOS see... ree 0 oe oe eee 48 .62 

Hydrogen «aia oy oasisis's oe sn see @ette ae oe: ENO Nee ena 6.60 

Volatile carbonaceous matter...... 27:45" §$ CaO Ma Pe .2o) 6.12 

Hixed carbon... ose eee ee O25t. ALOs. eu ee ee 33.96 

SOUUT Se nett aise meee LTO? MO sonnet ann eae 0.47 

ASE? AS | SR Se 9.5 


The powdered coal is delivered from the 6-in. pipe line into four steel 
bunkers situated over the firing end of the reverberatory furnace. Each 
bunker has a storage capacity of 18 tons of powdered coal. The operator 
at the pulverizing plant controls the distribution of the coal by means of 
electrically operated valves placed in the pipe line. A paddle, suspended 
in each bunker, operates a signal light at the pulverizing plant to warn the 
operator when a bunker is full. 

Each coal bunker is equipped with a Bailey feeder which is operated by 
a 2-hp. motor through variable-speed reduction gears and tex-rope drive. 


a. oe ee ee et eee eet 
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The coal drops from the feeders into the stream of primary air through 
3-in. pipes connected to 7-in. injectors, which are situated in the primary 
air lines, and thence to the burners, where it joins the supply of second- 
ary air. 

The primary air is supplied by four fans, each of which has a capacity 
to produce 1100 cu. ft. of free air per minute at 9-in. water-gage pressure. 
The secondary air is supplied by a centrifugal forced-draft fan of 
27,000 cu. ft. per minute capacity. The secondary air is blown through an 
Usco air preheater situated in the flue system between the boiler and the 


;. stack. The air preheater consists of 70 elements, which provide a total 
E heating surface of 10,500 square feet. 

z The hot pacaciare air is conducted through : a 4-ft. dia. insulated 
E 


conduit to the burner end of the furnace, where it is distributed by means 
: of butterfly valves placed in the branch ines leading to the burners. The 
4 temperature of the secondary air as it leaves the preheater is 450° F. 
and is 400° F. as it is delivered to the burners. 
A balanced combustion is maintained in the furnace at all times. 
The draft is kept at 0.025 in. of water. Gas analyses are obtained from 
samples aspirated through a hole in the side wall, at a point near the 
uptake or exit of the furnace. The combustion mixture is adjusted to 
produce a furnace gas of the following analysis: COs, 18.2; Os, 0.6; CO, 
0.0 per cent. 


Charging the Furnace 


The mixed charge is transported from the receiving hopper to the 
charge floor of the furnace by a system of belt conveyors, which are 
electrically interlocked and operated by a push-button control from the 
charge floor. The charge is distributed by a two-wing tripper operating 
in conjunction with a 20-in. conveyor which extends the full length 
of the furnace. 

A small hopper, suspended under the head pulley of the charge 
conveyor and equipped with three discharge pipes, provides means for 
fettling the burner wall. 

The charge is fed into the furnace through 6-in. pipes which extend 
vertically downward from the overhead hoppers into holes in the roof 
adjacent to the side walls. There are 12 charge pipes on each side 
spaced at 5-ft. intervals. Leakage of air into the furnace around the 
charge pipes is prevented by a copper casting snugly fitted to the charge- 
pipe and well grouted to the surface of the furnace arch by a thick pad 
of fireclay mortar. Cast-iron charge-hole castings were used at first, 
but these castings soon burned out and were abandoned in favor of the 
present arrangement. 

The wet charge is fed into the furnace through 6-in. pipes without 
any trouble from choking. It is the practice to feed the charge into the 
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furnace directly as it is discharged from the tripper and not allow it to 
accumulate or remain in the hoppers to dry. In this way the amount of 
dusting in the furnace is minimized and the formation of cuprous oxide 
in the charge diminished. The extreme fineness of the concentrate, 
together with the high copper content, promotes oxidation. Concentrate 
that has been kept in storage or has been allowed to dry shows an appreci- 
able increase in the percentage of cuprous oxide present. 

The atmosphere around the furnace and on the charge floor is free 
from dust and gas. The working conditions are excellent. 

Even though the charge is wet there is an appreciable amount of 
dusting in the furnace. The dust that is recovered from the boiler hop- 
pers and flue system amounts to 3 per cent of the weight of the charge 
and contains 31 per cent copper in the form of cuprous oxide and copper 
sulfate. The cuprous oxide in the dust that impinges against the end and 
uptake walls of the furnace causes rapid corrosion of the silica brick of 
these walls. During the first campaign of the furnace the end wall had 
to be replaced three times within a period of four months. Water-cooled 
copper blocks (18 by 18 by 3 in.) were incorporated in the brickwork of 
the end wall. This walllasted seven months. Itis now proposed to face 
the uptake walls with magnesite brick. A panel of magnesite brick 2 ft. 
wide was built into the face of the end wall and has suffered no corrosion 
after three months’ operation. 


TaBLE 1.—Reverberatory Charge 
SEE et id Pole 8 


Analysis, Per Cent 
Units | Cu SiO. | FeO CaO | ALO; | MgO | Ss 
Concentrate............. 100. | 58.67) 13.4 | 3.90 0.10) 4.12) 0.70/16.02 
Tiamestone?... 2. eevee eo 0.6 | 0.17 52.30) 1.02) 2.04 
Matte reverts........... 3.6] 78.73 0.58 (Fe) 19.52 
Reverberatory flue dust. . 31.22) 19.82) 4.59 3.13] 11.37] 0.35] 5.7 
Converter flue dust...... 73.29) 0.88] 0.69 0.22) 1.32 11.41 


ee 


An analysis of the reverberatory charge is givenin Table1. Flue dust 
is not mixed with the charge but is fed to the reverberatory at irreg- 
ular intervals. 


Reverberatory Slag 


Experiments have proved that the most economical balance between 
the concentrator and smelter operations is obtained with a concentrate 
approximating 58 per cent copper. The concentrator department can 
make a better recovery of copper by producing lower grade concentrate, 
but this is offset in the smelter operations, by: (1) high copper loss to the 
slag due to the increased amount of slag; (2) greater amount of flux 
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required; (3) greater amount of barren material to smelt, involving the 
consumption of more coal and a decrease in smelting capacity. 

The reverberatory slag is skimmed through an opening in the end wall 
of thefurnace. A second skimming opening has been provided in the side 
wall for greater convenience in making protective slag linings in the ladles 
that are to be used for handling molten copper. As there is no converter 
slag available, reverberatory slag is used for this purpose. 

The sills of the two skimming doors are 24 in. above the level of the 
lower tap-hole. The surface of the slag is raised 6 to 12 in. above the 
level of the sills by temporary clay-mud dams built across the openings. 
The total depth of bath varies between 24 and 36 in., of which 12 to 24 in. 
is matte. The smelting rate and fuel efficiency are better when the depth 
of molten matte is maintained at 12 or more inches. 

The molten slag is laundered into cast-steel ladles of 200 cu. ft. 
capacity. The ladles are carried on specially designed trucks, which are 
equipped with electrically operated means for tipping the ladle. The 
electrical connection is made by means of a jumper-cable from the 
trolley circuit. 

The slag is hauled to the dump by a gasoline-electric locomotive. 
This locomotive has been modified to operate from an overhead trolley 
circuit when hauling slag and by its own gasoline power plant when oper- 
ating over tracks not equipped with the trolley line. 

The slag analysis is: SiO2, 47.3 per cent; FeO, 18.7; CaO, 11.4; AleOs, 
14.7; MgO, 2.9. This will be recognized as an unusual analysis for slag 
produced in a reverberatory furnace. The iron content is low and the 
alumina content is abnormally high. 

The alumina is figured as a base and the charge is calculated to produce 
a slag having a silicate degree between a sesquisilicate and a bisilicate. 
This high-alumina slag has a relatively low formation temperature and is 
sufficiently fluid at the existing temperature (2100° F.) to permit separa- 
tion of the matte and to flow readily from the furnace. 

It is customary to keep the silicate degree as high as practical in order 
to reduce the consumption of limestone flux and fuel to a minimum and to 
produce the minimum amount of slag. Practice has demonstrated that 
the most economical slag is one whose silicate degree approximates 1.75. 
Above this point of acidity the slag is too viscous. As the acidity is 
decreased the slag becomes more fluid and increasingly corrosive to the 
silica brick. 

The actual amount of copper lost in the viscous slag of high copper 
analysis and low volume is less than is lost in the fluid slag of lower copper 
assay and larger volume. ‘The cuprous oxide present in the concentrate 
(Cu.0, 2.40 per cent) contributes to the loss of copper in the slag. By 
adding fine coal to the charge (3.0 per cent of the weight of concentrate) 
the percentage of copper in the slag has been reduced from 2.25 to 1.20 per 


cent Cu. 
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Matte 


Analysis of the matte is: Cu, 78.73 per cent; Fe, 0.58; S, 19.52; insolu- 
ble, 0.14. 

The matte is tapped through a 3-in. tap-hole situated in the side of the 
furnace, 75 ft. from the burner wall. The tapping block consists of a 
magnesite brick cast in a block of copper. Two 3-in. holes at 9-in. 
centers are drilled through the copper and the brick, after the block has 
been cast. This provides for an upper and a lower tap-hole in the 
same block. . 

In order to prevent the formation of heavy matte skulls, the ladles are 
filled as quickly as possible. When the matte flows too slowly from one 


Fig. 8.—Tapping MATTE. 
tap-hole, both tap-holes are opened. A ladle of 22 tons capacity is 
ordinarily filled in less than 10 minutes. 

The high-grade matte is tapped without difficulty; in fact, when taps 
are made at frequent intervals the matte will follow a tapping bar as it 
is withdrawn from the tap-hole. 

The tap-hole is closed with a clay dolly in the usual manner, and is 
opened by burning out the hole with oxygen. A tapping bar is not 
usually employed. The matte is laundered into cast-steel ladles sup- 
ported on low four-wheel trucks which operate on a track parallel to the 
side of the furnace and extending into the converter aisle. The ladle 
trucks are moved by means of a cable operated from an electric hoist 
situated on the far side of the converter aisle. Every facility has been 
provided to expedite transfer of the molten matte from the reverberatory 
furnace to the converters. The average weight of the skulls produced 
is 5 per cent of the weight of the matte. The same ladle is used several 
times before it is necessary to dump the frozen shell. 
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A Stirling boiler, closely connected to the uptake of the reverberatory 
furnace, and situated directly in front of the furnace, utilizes 52 per cent 
of the heat value of the coal burned. The temperature of the furnace 
gas is 2000° F. at the inlet and 620° F. at the outlet of the boiler. 

The hot gas, after leaving the boiler, is drawn through an Usco air 
preheater by a centrifugal induced-draft fan (67,000 cu. ft. per minute 
capacity) and is discharged through a short connecting flue into the 
reverberatory stack. A direct bypass flue connection with the stack is 
provided for use when the air preheater and induced-draft fan undergo 
cleaning or repairs. 

When the waste-heat boiler has to be shut down for cleaning or for 
repairs the furnace gas can be directed into a bypass stack which is 
situated at the end and side of the furnace. This is a firebrick stack, 
6 ft. square by 75 ft. high. Water-cooled dampers situated in the flues 
provide means for switching the furnace gas to either the boiler or 
bypass stack. 

The main stack consists of a steel shell 9 ft. in diameter and 180 ft. 
high, lined with 414 in. of firebrick. 

Operating data as of February, 1933, are given in Table 2. 


TABLE 2.—Operating Data (February, 1933) 


Dry charge per furnace day, tons................0.0...005. 340 
Coaliconsumed per day; tonsyf | wu nanse-aele hoe thts bts shots EVART( 
Piel aMeOR CeMml OL CUATLO « ciretes hivigas me herszs \Saslapo.- hunt many ore i 15.5 
irxcapericent OL CONCENtTALC = ec nue a's mere aye oles A cgrleeraunine of 6.5 
Flux, per cent of charge........... os hee eS Me Ais det 680 Da 5.09 
Slag, per cent of charge (excluding reverts)................. 25.5 
Slag, per cent of charge (including reverts)................. 21.22 
SilCaLe SC PTOC OM SIAL ce iin, hen ass, Socials cintsl moyen sie 1.704 
CONVERTING 


There are two 12 by 20-ft. basic-lined Peirce-Smith type converters. 
Each is equipped with thirty 114-in. tuyeres spaced at 6-in. intervals. 
One converter has sufficient capacity to treat all the matte produced by 
the reverberatory furnace, the other converter is used as a spare. 

The converters are revolved by means of 35-hp. Holman air motors 
operating through reduction gears. Compressed air for operating the 
motors is supplied at 80 lb. per square inch pressure from a receiver that 
is connected through a check valve with the industrial compressed-air 
system. An automatically operated air compressor functions as an aux- 
iliary unit to maintain the air supply in the receiver at the required pressure. 

The advantage of an air motor over an electric motor for revolving 
a converter is obvious. The operation is divorced from troubles resulting 
from sudden failures of the electric power. A sufficient volume of air 
at proper pressure is always available in the receiver to revolve the 
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converters into a safe position in case of failure of the supply of air to 
the tuyeres. 

Compressed air for converting purposes is supplied by a motor-driven 
four-crank single-stage vertical compressor, which has a rated capacity 
to deliver 15,000 cu. ft. of free air per minute at 15 lb. per square inch 
pressure. The compressor is in the power house and delivers its air to 
the smelter through a pipe line which is 30 in. in diameter and 115 ft. long. 

One overhead crane serves all converter aisle operations. It has a 
span of 57 ft. 6 in., and consists of two bogies operating independently 
of each other. The large bogie carries the motor and winding drum for 
the main hooks and operates on a track attached to the top surfaces of 
the crane girders. The steel ropes extend outside the crane girders to the 
bale, which carries two hooks properly spaced to connect with the 
lugs on each side of the ladles. This unit has a lifting capacity of 
50 tons. The small bogie carries the motor and winding drum for the 
auxiliary hook. It operates on rails attached to the lower inside flanges 
of the crane girders. This arrangement makes it possible to use the 
auxiliary hook on either side of the main hooks. This unit has a lifting 
capacity of 20 tons. 

Each converter is provided with a separate dust chamber and stack. 
An average of 40 tons of flue dust per month is recovered from the dust 
chambers. Analysis of the flue dust is: Cu, 73.29 per cent; SiO2, 0.88; 
FeO, 0.69; CaO, 0.22; Al,Os3, 1.82; S, 11.41. 

As previously stated, the matte contains 78.7 per cent Cu, 0.58 per 
cent Fe, 19.52 per cent S, 0.14 per cent insoluble—almost pure copper 
sulfide. The operation of converting such a matte is identical with the 
white-metal or finishing stage of the usual practice of converting lower 
grade matte. 

Thermal calculations show the heat generated by the oxidation of the 
sulfur to be slightly in excess of the heat dissipated during the opera- 
tion. This is corroborated by temperature readings taken at intervals 
during the converter blow. The temperature of the empty converter 
just before charging three ladles (60 tons) of matte was 2230° F. The 
temperature of the matte was 2010° F. The temperature increased dur- 
ing the blow at the gradual rate of 2.3° F. per minute. At the finish 
of the blow the temperature reading was 2370° F. These temperatures 
agree closely with those obtained in the finishing or white-metal stage 
when converting lower grade matte. 

When the converter was designed strict attention was paid to the 
question of conservation of heat. The mouth was made as small as was 
considered practical (4 ft. 6 in. by 5 ft. 4 in.) and the magnesite brick 
lining was backed with an insulating layer of fireclay brick. 

The original linings consisted of 9 in. of magnesite brick backed with a 
4}4-in. layer of fireclay brick and separated from the shell by a 2-in. pad 
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of crushed dead-burnt magnesite. Along the tuyere belt and for 10 
courses (30 in.) above it the magnesite lining was 16 in. thick. It is 
planned to replace the 9-in. magnesite brick with 12-in. brick as the linings 
require repair. 

The converters are heated by means of powdered coal introduced 
through a 14-in. burner port situated in the end wall. The products of 
combustion exit through the mouth to the converter flue system. Heat- 
ing is done only between blows and the burner port is sealed with clay- 
mud during the blow. * 

When the blow is finished and the ponerse emptied,.the burner port 
is opened by removing the mud seal. The fuel is then turned on and the 
converter charged with cold copper scrap. From 5 to 15 tons of cold 
copper scrap can be melted between blows. After the copper scrap has 
melted, the converter is recharged with matte. 

The usual converter charge consists of current copper scrap and three 
ladles (60 tons) of molten matte. It is the practice when four ladles 
(80 tons) of molten matte is blown to charge the fourth ladle when the 
blow is half finished, after blowing for about one hour. 

As previously mentioned, the ladles in which the molten copper is 
handled are lined with a shell of reverberatory slag. A considerable 
portion of this lining adheres to the copper skull which is remelted in the 
converter. This slag acts to flux the small amount of iron present in the 
matte. If there happens to be insufficient slag for this purpose, and 
the converter becomes dirty from accumulated iron, 4 or 5 tons of molten 
reverberatory slag is added and blown with a straight charge of matte. 
This very effectively cleans the converter. 

The small amount of converter slag that is produced is allowed to 
remain in the ladle to form an insulating blanket or crust over the molten 
copper during the casting operation. 

It requires about 2 hr. and 25 min., depending on the condition of the 
tuyeres and the temperature of the charge, to finish 60 tons of matte 
to blister copper. During this period the tuyeres are punched almost 
continuously. The finish is determined by the appearance of the flame 
and the copper on the rod. 

The consumption of magnesite brick for lining purposes averages 
2.47 Ib. per ton of copper produced. The consumption of magnesite is 
represented almost entirely by the repairs to the tuyere belt. The life of 
the lining at this point has averaged 4000 short tons of copper produced. 
The damage to the tuyere belt is caused chiefly by the mechanical action 
of reaming the tuyeres rather than by the action of corrosion. 

The corrosive action of the coal ash on the end wall opposite the burner 
has necessitated renewal of the brickwork after 17 months’ operation. 
As no converter slag is produced, there is no iron available to make a 
protective coating of magnetite over the magnesite lining, as is customary 
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in the usual converter practice. An attempt was made to provide the 
protective coating of magnetite by adding a small amount of crushed 
hematite to the converter charge. The scheme was successful but had 
to be discontinued on account of the trouble caused in the reverberatory 
furnace by the excess magnetite, which accumulated in the form of a 
blanket between the slag and the matte. The calcic-silicate slag would 


Fie. 9.—CoNvERTERS. 


carry no magnetite with it; the high-grade matte had no. affinity either 
chemically or mechanically for it. As a result, every pound of magnetite 
that was charged into the reverberatory furnace with the converter 
reverts remained there and had to be removed with rabbles. 

Converter data are listed in Table 3. 


TABLE 3.—Converter Data 


Charge, tons matte... 0... co scaes ue a anes 1 60 
‘Air pressurey lb. ‘persq. ins. ie. Gree ee. Gee ener 15 
Air consumed per ton of matte treated, cu. ft............. 30,590 
Free air consumed per minute, cu. ft.................-<:. 13,700 
Minutes per converter blowaactas w= sac cca mere eee 134 
Minutes per ton of matte treated........................ 2723 
Minutes per ton of copper produced...................... 2.83 
Blister produced per blow, tons........ ULL RE Bee Re 47.5 
Blister produced per converter hour, ee vs cpr dave tele 21.3 
Fuel consumed) perday, sonsiya see eens er ee ee 5.9 


Fuel consumed for heating converter and melting scrap, lb. 
per hour fring’... . ssa «nosptsauneciecaaee etna 690 
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CASTING 


The blister copper is cast into 350-lb. cakes (18 by 28 by 3 in.) on 
a straight-line casting machine. The machine is equipped with 50 molds 
and extends from the converter aisle into the casting aisle. A 20-hp. 
motor drives the machine through a series of reduction gears. 

The copper is poured from a ladle, suspended from the main hooks of 
the converter aisle crane, into a casting drum. The casting drum consists 
of a brick-lined cylinder 4 ft. in diameter and 10 ft. long, supported at 


Fie. 10.—CastIna COPPER. 


right angles over the line of molds on rollers. A hole, 24 in. wide and 
36 in. long, is provided in the shell to receive the stream of molten copper, 
and to allow for exit of the products of combustion. Heat is supplied by 
means of powdered coal blown through a burner port situated in the head 
of the cylinder. 

The copper is discharged from the cylinder into the molds through a 
5 by 9-in. horizontal slot to which a short lip is attached (Fig. 10). When 
the lip is in its lowest position it clears the top of the molds by one inch. 

The cylinder is revolved by means of an arm fixed to the end plate and 
a cable from the end of the arm to a motor-driven winding drum. A 
counterweight suspended from the end of the arm provides the means for 
revolving the cylinder in the opposite direction. Before the adoption of 
this method of casting, an open spoon was used, which caused an abnormal 
amount of copper scrap to be produced. The present arrangement has 
greatly reduced the amount of scrap. 
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Reject cakes and fins are charged into the casting drum to control the 
temperature of the copper as it is cast. 

The cast copper cakes are cooled by water sprays as the molds move 
toward the discharge end of the machine. The cakes are discharged from 
the molds on to an inclined ramp (Fig. 11) from where they are trucked by 
hand, finned and loaded into standard railway gondolas for shipment. 


Fig. 11.—DiscHarRGE END OF CASTING MACHINE. 


The molds are made by casting low blister or clear copper in demount- 
able master molds directly from a ladle suspended from and tilted 
by the converter crane. 

One side of the mold is extended to form an overlapping lip which 
covers the space between molds on the casting machine and prevents spills. 

A cast-iron pouring plate containing the Roan Antelope brand mark 
“R.A.” is cast or embedded in the bottom of each mold. When a copper 
mold is worn out, these plates are recovered and used again. 


TABLE 4.—Casting Data 


Capacity of casting machine, tons per houriies! Saldeeeage dt: 25 
Average weight ofeakes; Uh jaa a elec oo hs ie eee 350 
Coal consumed per day for heating casting drum, tons........ 125 
Fins, per.cent of copper'cagtscc.i:) op os... geeee ee 1.20 
Molds consumed, per cent of COPDEL CASUl <trers.ctston Re ee oe ee 1.00 
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The copper is sampled by the splash or shot method from the stream 
as it flows from the lip of the ladle. The sample is screened to remove the 
oversize pieces. 

Casting data are given in Table 4. 


4 RECOVERY AND PLANT CAPACITY 

_- 

4 The average over-all plant recovery is 97.92 per cent. The losses are 
b- . . 

j distributed as follows: 

4 Per Cent 

3 iReverberatory slags. eepa ee. ais hs Uitte d. whi unit 0.60 

, IREVEDDCERLOR gS bACKont cn. Sant eee Gs at PUSeIn wes alo eee 0.85 

E- Converter stack and unaccountable..................00ecceeee 0.63 

| eee ee re ae Se ee ker 2.08 
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Fig. 12.—NATIVE FURNACE CREW. 


The smelter has never been required to operate at its full capacity. 
The potential capacity of each unit is estimated to be: 


Sxort Tons 
BuisteR Copper 
PpR MontH 


EEE DOUA GGT VST RCC eres a rsietandhs/sin\ 9) fie ec no's are-vinvecstolne © o shaisicele 5900 
Converters: 

Using one converter, four blows per day............-..--.005 5700 

Using two converters and allowing time out for repairs........ 8650 
Casting: 

Allowing time for repairs, replacement of molds and cleaning 

SVLAC HIN CMe eters aey. ROL Ae MRETAra NSN ehs, SiGe cheba ns aS da Gots yuilorsi ofa w\os'and eget 9000 

PERSONNEL 


In all, 39 Europeans and 150 natives are employed in smelt- 
ing operations. 


to 16 eeeniet ago, =e operations ¢ 
the work like veterans. 


The efficiency of the native laborers has increased ceeete ae M 
of them had never before seen a white man, much less a smelter. | 


eK. 
white man’s tools were strange contraptions to them. They had to be Ss 


taught to use a wheelbarrow and they soon discovered it was easier to push | 
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it than to carry it on their heads. From this condition of abjectignorance _ q 


the natives are developing rapidly into reliable workmen. They can be 
depended upon to do well the routine tasks which require no per-— 
sonal judgment. 

Good food, sanitary conditions and excellent medical attention have 
greatly improved the physical condition of the native. The “raw boy” 
direct from the “‘bush” is usually undernourished, owing to a life-long diet 
of ‘“‘mealie meal’ (ground corn). That the natives appreciate the per- 
sonal comforts earned through labor is demonstrated by the small labor 
turnover and the large number of applications for employment. 


. 
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Copper-refinery Waste-heat Boilers at Great Falls Reduction 
Department, Anaconda Copper Mining Company 


By E. 8. Barpwett,* Great Fauis, Mont. 
(New York Meeting, February, 1934) 


Eacu of the three refining furnaces in use at Great Falls is provided 
with a waste-heat boiler. The general arrangement of furnace and boiler 
is as shown in Fig. 1. Two of the furnaces have hearths 45 ft. 7 in. by 
14 ft. 6 in.; the third has a hearth 46 ft. 1014 in. long and of the same 
width as the other two. The furnaces at present are equipped for 
firing with natural gas. As originally constructed two of the furnaces 
had hearths 36 by 14 ft., and were designed to use coal on grates, but these 
furnaces were lengthened and fired successively with pulverized coal and 
oil. The third furnace was added in 1926 and was oil-fired until 1928. 
Since that year natural gas has been in use on all of the furnaces. The 
changes that have occurred in connection with furnace design and the 
comparative performance of the furnaces with various fuels were 
described! by the author in 1932. 

Two of the furnaces are provided with Stirling class A-30 boilers, 
rated at 400 hp. and having 4008 sq. ft. of heating surface. The third 
furnace has a class A-21 Stirling waste-heat boiler rated at 300 hp. with 
2805 sq. ft. of heating surface. The boilers are not baffled. 

The waste-heat boilers are placed on a platform 17 ft. 3 in. above the 
level of the furnace charge floor. The waste gases from the furnace pass 
by a vertical uptake flue, 4 by 3 ft. inside at the point where it enters the 
chamber, to a brick chamber from which the gases pass over a bridge 
wall and into the boiler setting. The uptake flue and chamber are 
constructed of silica brick. 

Each furnace has a steel stack 125 ft. high, measured from the boiler 
floor. The stacks have a 414-in. firebrick lining and are 5 ft. in diameter 


[A reverberatory furnace conference, attended by representatives of the various 
companies operating reverberatory furnaces, was held at Salt Lake City in May, 1930. 
During the discussion various figures were quoted as to the yield secured in the 
generation of steam from the waste gases from reverberatory furnaces. There was 
such a wide variation that the Institute Subcommittee on Pyrometallurgy of Copper 
Ores decided that it would be worth while to secure a symposium of papers describing 
the waste-heat boiler practice at as many smelters as possible. This paper and the 
following papers on waste-heat boilers are presented in accordance with this plan.—Eb.] 

* Superintendent of Copper Refineries, Anaconda Copper Mining Co. 

1B. S. Bardwell: A Comparison of the Use of Various Fuels in Copper-refining 
Furnaces. Page 449, this volume. 
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measured inside the lining. For emergencies each furnace is provided 
with a steel bypass flue lined with firebrick. . The inside diameter of the 
bypass flue is 5 ft. The boiler setting consists of 8 in. of common brick 
with a 9-in. firebrick lining. The breaching leading from the boiler 
setting to the stack enters the stack 17 ft. above the boiler-floor level. 
Feed-water pumps are on the boiler platform in the space between the 
boiler setting and the stack. The boilers ordinarily are operated at 
75 lb. pressure with feed water at 60°F. The draft in the uptake nor- 
mally amounts to 0.4 in. of water. 

In considering the efficiency of waste-heat boilers it should always 
be kept in mind that the prime object of burning fuel in a metallurgical 
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Fig. 1.—GENERAL ARRANGEMENT OF FURNACE AND WASTE-HEAT BOILER, GREAT FALLs 
REDUCTION DEPARTMENT. 


furnace is to smelt charge and not to produce steam. It is always 
possible to so operate a furnace equipped with waste-heat boilers as to 
increase the rate of steam production, but this invariably will mean less 
favorable fuel ratio as far as the smelting operation is concerned. Fora 
copper-refining furnace such a method of operation is entirely out of 
the question. From 65 to 75 per cent of the total fuel is consumed 
during about one-half of the furnace cycle, which ordinarily is 24 hr. 
During this period the charge is being melted and we wish to keep the 
furnace atmosphere slightly oxidizing. An attempt to force the furnace 
inevitably results in imperfect combustion in the smelting chamber, loss 
of time and less favorable fuel ratios, even though more steam may be 
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produced. The true function of a waste-heat boiler is just what the name 
implies; it is an apparatus designed to recover from waste furnace gases, 
for use in other operations, the maximum amount of heat that is econom- 
ically practicable. If additional steam over and above that available 
from waste-heat boilers is required, it is much more economical to 
produce it in direct-fired boilers. 

This may seem so self-evident as not to be worthy of mention. It 
is, however, being brought out in order to emphasize the fact that the 
efficiencies of waste-heat boilers should not be compared apart from 
the fuel efficiencies obtained in the furnaces with which the waste- 
heat boilers are connected. For example; two tests made on a certain 
waste-heat boiler, using in one case pulverized coal and in the other 
case oil, showed efficiencies of 38.9 and 40.2 per cent respectively based 
on the fuel consumed in the furnace. This might lead to the erroneous 


TasLE 1.—Rate of Steam Production 


With Oil Fuel, With Gas, With Gas, 
400-hp. Boiler | 400-hp. Boiler | 300-hp. Boiler 
OS aad aR tee 5 ul sea ay es ita ta gree 295 178 146 
UVES LEWD ere eset Sse reat ace, cha ah Si ans sles 395 290 306 
OU OEMValue 310 283 
Rabblings 200038 ON2-423. 88 DOs RAW ; 2882 298 134 
TETIER ange SW 9 Seen a eet a Oe cn ee ana 368 573 630 
(OE SEC Oe Sees ee ee, ae ena 260 441 282 
ARR RNA Sie, eal IE Ae Ree 337 322 312 


@ Includes skimming. 


conclusion that with pulverized coal as fuel the boiler was not as efficient 
as when oil was used. In this test, however, it was found that 46.7 per 
cent of the heat value of the pulverized coal was absorbed in the furnace, 
whereas with oil 44.7 per cent only was so absorbed. The stack loss 
amounted to 14.4 per cent with pulverized coal as against 15.1 per cent 
with oil. In either case it would have been possible to have so operated 
the furnace that a larger proportion of the total heat value of the fuel 
could have been recovered in the waste-heat boilers, but such a method of 
operation would be uneconomical, for reasons that have been pointed out. 
The true efficiency of a waste-heat boiler would be represented by the 
quotient of the heat units absorbed divided by the heat units contained 
in the waste gases from the furnace. Efficiencies based on the fuel 
supplied to the furnace can only be properly interpreted in cases where a 
complete heat balance is available. In cases where considerable heat 
may be developed from reactions taking place in the smelting chamber a 
complete heat balance is even more necessary. 
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Three fairly complete tests have been conducted on the waste-heat _ 


boilers at the furnace refinery. One in 1924 when oil was being used as 
fuel and two after natural gas had been substituted. Of the latter, one 


was made on one of the furnaces equipped with a 400-hp. boiler; the © 


other on the furnace equipped with a 300-hp. boiler. Each of these 
tests extended over a complete furnace cycle—approximately 24 hr. 
The average rate at which fuel was supplied was measured, as was also 
the average rate of evaporation, to which corrections were applied for 
blowoff. The average rate of steam production during the furnace 
cycle, expressed in boiler horsepower, is shown in Table 1, page 227. 

Repeated observations have shown that the average temperature of 
gases entering the waste-heat boilers is 1940° F. As soon as we changed 
from oil to natural gas we discovered that, based on the metallurgical 
calorific value of the fuel used, we required more British thermal units 
when natural gas was used than when the fuel was oil. We also noted 
that the steam production did not show a corresponding increase. For 
example, with a charge of the same size we would burn an average of 
31,117 cu. ft. of gas per hour as against 1465 lb. of oil, or, based on the 
metallurgical calorific value of the two fuels, approximately 10 per 
cent more heat units per hour were required with gaseous fuel than 
with oil. With oil the gases leaving the waste-heat boilers averaged 
about 600° F., while when natural gas was used as fuel the gases averaged 
about 800° F. 

Calculations based on the analyses of the respective fuels show 
than when oil is being used we have 1,875,200 cu. ft. of gas per hour 
going to the waste-heat boilers while with gas the volume has increased 
to 2,140,258 cu. ft. per hour. When oil is used the products of com- 
bustion entering the waste-heat boilers contain an average of 15,572,950 
B.t.u. per hour, while with gas this is increased to 17,954,509 B.t.u. per 
hour. The increased gas volume and increased heat content of these 
gases resulting from the use of natural gas explains the increased tem- 
perature of the gases entering the stack. 

The gases entering the stack when oil is being used as fuel average 
4,261,681 B.t.u. per hour and when gas is being used, 6,627,921 B.t.u. 
This leaves available for producing steam and caring for radiation 
and convection losses in the case of oil 11,311,265 B.t.u. and with gas 
11,326,588 B.t.u. 

From the last-mentioned figures we may subtract 760,000 B.t.u. 
per hour, which has been computed to represent radiation and convection 
losses, and dividing by 33,305, arrive at 317 boiler-hp., which is very 
close to the figures arrived at through our tests. 

The figures given above, as has been stated, are based upon fuel 
and gas analyses and observed gas temperatures. If the true boiler 
efficiency be based on the ratio between heat absorbed and heat avail- 
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able, the efficiency of the 400-hp. boiler, on this calculated basis, would 
be 67.8 per cent when oil is used as fuel and 58.8 per cent when gas is 
used as fuel. 

If, on the other hand, we accept the calculated figures for heat 
supplied to the waste-heat boilers as correct and use the observed evap- 
oration as a basis for calculating the boiler efficiency, the efficiency 
for the 400-hp. boiler would figure out 72.8 per cent when oil is being used 
and 60.2 per cent when natural gas is used as fuel. The efficiency of 
the 300-hp. boiler when gas is used as fuel, calculated on this same basis, 
would be slightly lower than this, or approximately 58.2 per cent. 

The tests that have been made by us were not conducted primarily 
as boiler tests. They were made rather to ascertain the average rate 
of fuel consumption during the various furnace operations and the cor- 
responding rate of evaporation in the waste-heat boilers. 

As might be expected, the rate of evaporation varies from time to 
time, depending on the condition of the boiler. Following the thorough 
cleaning of a boiler at the conclusion of a furnace campaign, the boiler 
efficiency is higher than could be expected at the end of a 90-day cam- 
paign. Our observations represent as nearly as possible average oper- 


‘ating conditions. 


Waste-heat Boiler Practice at the Anaconda Reverberatory 
Plant 


By E. A. Barnarp* AND GeorcE Tryon, t ANaconpa, Mont. 


oo 


(New York Meeting, February, 1934) 


Tue importance of the conservation of the waste heat contained in 
copper reverberatory furnace gases was realized very early by those in 
charge of operation at Anaconda. The first attempt to utilize it was in 
preheating the air used for combustion of the coal. This was done by 
forcing the air through ducts surrounding the flue-gas downtake and 
continued down beneath the furnace hearth to the firebox. Any small 
advantage gained by the heat transferred from the flue gases was more 
than offset by the losses sustained in cooling the hearth, therefore this 
process, after several trials, was soon discarded. It was first used at the 
Old Works as early as 1893 and again for a comparatively short time on 
the original furnaces at the Washoe smelter, or present works. Water- 
tube boilers came into general use very rapidly after 1890. Their adapt- 
ability for waste-heat steam generation, as well as the saving to be 
effected by the production of cheap steam from this source, was 
soon recognized. 

The first waste-heat boiler to be used in connection with a matte 
furnace at Anaconda was installed in September, 1900, at the “Old 
Lower Works.” It consisted of a 100-hp. ‘“‘Cook,” vertical water-tube 
boiler. This boiler had 65 small perpendicular tubes arranged in con- 
centric circles around a 10-in. tube in the center. These tubes were 
expanded into 4 ft. 4 in. inside diameter cylindrical steel top and bottom 
drums which served as the steam and mud drums respectively. This 
boiler was set in a cylindrical brick housing into which the furnace gases 
entered just above the mud drum and thence circulated upward around 
the tubes and steam drum to the stack. This installation proved 
unsatisfactory, presumably on account of difficulty with dust, and was 
soon abandoned. However, the possibilities for steam generation were 
undoubtedly encouraging for shortly afterwards (December, 1900) a 
300-hp. Stirling boiler was installed, to be followed by two more in the 
spring of 1901. 

The choice of the Stirling type of boiler for application to copper 
reverberatory furnaces was particularly fortunate, as the arrangement 
of the tubes appears to combine to a great extent the maximum contact 
of the gases with the heating surfaces of the boiler and at the same time 


* Assistant Superintendent of Smelting, Anaconda Reduction Works. 
+ Mechanical Superintendent, Anaconda Reduction Works. 
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keeps the resistance to their passage as low as possible. The boiler 
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offers the least possible chance for the accumulation of dust and accretions 
and is readily accessible for both external and internal cleaning. The 
fact that this type of boiler has successfully met the changing furnace- 
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Fig. 1.—ARRANGEMENT OF ORIGINAL FURNACE AND WASTE-HEAT BOILER AT ANACONDA. 


operating conditions and has become practically a standard for this class 
of work speaks well for the foresight of the pioneers who first made 
the selection. 

The original furnaces at the present Anaconda Reduction Works 
were started without boilers in the early part of 1902 but the air preheat- 
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. from which passed to an underground flue and thence to a central 

reverberatory plant stack. The arrangement of furnace and boiler is 
shown in Fig. 1. Nine furnaces were supplied with 375-hp. and five with © 
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F 1a. 2..—ARRANGEMENT OF ENLARGED FURNACE AND WASTE-HEAT BOILERS, ANACONDA. 


300-hp. class A Stirling boilers. The furnaces were fired with lump coal 
burned in fireboxes in which bar grates were used. For a short time 
forced draft was utilized and baffling was tried on the boilers but by the 
end of 1902 the baffles had been removed and natural draft had been 
substituted. The boilers were located between the furnaces in building 
bays 21 ft. center to center of columns. This fact has had a distinct 
bearing on the size and arrangement of the boilers used with the larger 
furnaces developed later. 
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A new plan designed to collect the gases from all the various smelting 
operations and deliver them into a common flue system discharging into 
a 30 by 300-ft. stack on the top of the smelter hill was put into operation 
in 1903. This gave a greatly improved draft and immediately preceded 
a program of furnace enlargement. The double row of 14 small furnaces 
was abandoned and they were replaced by 7 long ones. Another large 
furnace was added later. The boilers on one side of the building were 
left in place and those from the other side were moved over and set in 
tandem with them. As the space between the furnaces was limited, as 
mentioned above, any arrangement of boilers other than the tandem 
setting would have necessitated a complete revamping of the furnace 
building as well as the collecting-flue system. With the advent of 
pulverized-coal firing the fireboxes were done away with and the furnaces 
further enlarged, the boilers remaining as they were installed in 1904. 
Fig. 2 shows the arrangement of boilers to furnace as they were after 
the furnaces were enlarged and as they have remained to the present time. 

In 1915 a large reverberatory furnace was built at the converter plant 
for handling molten slag. This was equipped with two 860-hp. class M 
Stirling boilers, only one of which was used at a time. 

Table 1 gives a summary of averages of boiler tests covering major 
operating periods of the reverberatory furnaces. All of these tests were 
made on the reverberatory waste-heat boilers at the Anaconda Reduction 
Works (Washoe smelter) except those for period 1, which were taken at 
the Old Lower Works on the first Stirling boilers. The operating periods 
were as follows: 

Period 1.—Small grate-fired furnaces. Single boilers fully baffled. 
Charge: hot calcine from gravity concentrates plus secondaries. 

Period 2.—Furnaces somewhat larger, boilers not baffled, otherwise 
about as for period 1. 

Period 3.—Furnaces considerably enlarged, grate-fired, with two 
boilers in tandem. Charge as for No. 1 and No. 2. 

Period 4.—Furnaces further enlarged, pulverized-coal fired, boilers 
tandem. Charge: calcine from bulk flotation and table concentrates, 
plus secondaries. 

Period 5.—About as for No. 4 except calcine from selective flota- 
tion concentrates. 

Period 6.—Natural gas firing. Charge as for No. 5 plus wet concen- 
trates and both cold and molten converter slag. 

Converter Slag Furnace covers operation of a large furnace handling 
molten converter slag and a coarse highly siliceous charge; 860-hp. 
Stirling boilers used singly. 
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STEAM AND BOILER-FEED WATER 


Steam is used primarily for heating and process work, but when there 
is an excess, as in the summer months, it is used for generating 16, 90 and 
900 lb. compressed air. For a short time at the start of the present 
reduction works a limited amount of electric energy was generated from 
steam, but this was soon discontinued because of the development of 
cheap hydroelectric power. The boilers are tested for 175 lb. About 
150 lb. pressure is maintained when steam is used for power. No super- 
heaters are employed. 

Because the steam consumers are so widely separated, it is practically 
impossible to return more than a small amount of condensate for boiler- 
feed purposes. There are over seven miles of interdepartment steam 
mains in the plant, not including the steam piping within the various 
buildings themselves. As a consequence the feed is practically all raw 
water which contains approximately five grains of total hardness per 
gallon. Most of this consists of carbonates of calcium and magnesium. 
Small amounts of calcium and sodium sulfate total about one grain per 
gallon. Some preheating is accomplished by adding exhaust steam from 
the turbine-driven feed pumps to hot water obtained from roaster-furnace 
cooling operations. An average feed temperature of about 155° F. is 
obtained. The water is treated with soda ash and filtered. 

The boilers are shut down once each month for cleaning. The scale, 
which is hard, averages 1g to 3/¢ in. in thickness and is removed by the 
use of aturbine. At the same time, dust and accretions are cleaned from 
the outside of the tubes, boiler settings and connecting flues. 


ACCRETIONS 


The accretions that gather on the tubes result from the mixing of 
fine dust from the charge with arsenic and other volatile constituents in 
the gases that condense on the relatively cool boiler surfaces, This 
forms into a pasty mass, which sticks to the tubes and can only be satis- 
factorily removed by the use of an airlance. The use of a high percentage 
of wet charge of late has increased the sticky nature of these deposits, 
making it necessary to remove them six times per 8-hr. shift, or about 
twice as often as during the period of pulverized-coal firing and dry 
charge. The deposits themselves act as an insulator and the incidental 


- infiltration of cold air through open doors due to cleaning tends to lower 


the boiler efficiency as well as interfere with the furnace draft. The 
accumulation of accretions undoubtedly contributed to the abandonment 
of baffling on the boilers. Analysis of two recent samples of deposits 
taken from boilers operating under present varying furnace conditions 
are as follows: 
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TanpeEM ARRANGEMENT OF BOILERS 


As mentioned previously, this, arrangement was necessitated by 
limitations of building space, but considering the large increase in furnace 
sizes and capacities, it has worked out comparatively well from a boiler 
standpoint. Tests indicate that on the tandem boilers about 80 per cent 
of the steam is generated on the first boiler. The tandem arrangement, 
together with the small size of the boilers, results in a high gas velocity 
and a considerable loss of draft through the boilers. Draft readings 
approximate as shown in Table 2. For the sake of comparison, tests 


TABLE 2.—Draft Readings 


° . Draft Loss 
Draft Preceding | Draft Following | gnsough flrs, 
| | 
BorLpers IN TANDEM | 
| 0.29 | 0.81 0.52 
SLAG-FURNACE BOILERS 

Both boilers operating............. 0.16 1.10 0.94 
One boiler operating............... 0.16 1.08 0.92 


were run on the slag-furnace boilers, which are arranged so that one 
860-hp. unit may be run singly or two may be run in parallel on one 
furnace. One boiler running singly made 77 per cent as much steam as 
the two running in parallel with furnace conditions the same. 


SUMMARY 


In conclusion, this paper shows that the boiler efficiencies based on 
the fuel burned in the reverberatories have remained nearly constant 
regardless of the kind or amount of fuel burned. An exception to this is 
period 1, in which the boilers were baffled. Period 2 on single boilers 
shows an efficiency about the same as the later periods with tandem boilers. 

The boilers are small and placed in tandem because of building con- 
struction limits. The high cost of reconstructing the plant for higher 
boiler efficiency would not be warranted. 

The small size of the boilers, together with the accretion problem, 
has necessitated the elimination of all boiler baffles. 

In general, the boilers have continued to give satisfactory furnace 
conditions through a wide range of furnace capacities. 


GV sbtoshiat Boiler Practice of Nevada Consolidated Copper 
Corporation 


By N. W. SacEr* anp H. W. Mossman, t McGiiu, Nevapa 
(New York Meeting, February, 1934) 


THE arrangement and general dimensions of the reverberatory 
furnaces and waste-heat boilers for the Nos. 2 and 3 smelting units at the 
McGill plant of the Nevada Consolidated Copper Corporation are shown 
in Fig. 1. Each of the two reverberatory furnaces has its own set of 
waste-heat boilers, and before February, 1932, each furnace, when it was 
in operation, delivered waste-heat gases to its own boilers-only. In 
January, 1933, the idea was suggested of using some of the waste-heat 
boilers as economizers to operate in conjunction with the waste-heat 
boilers that were generating steam. The execution of this idea gave rise 
to the gas-flow scheme depicted in Fig. 1, the advantages of which were 
obvious, particularly so in view of the fact that for some months prior to 
the adoption of this scheme the smelting had been confined to No. 2 
furnace, with No. 3 furnace and its boilers idle. The waste-heat gases 
from No. 2 furnace pass through the boilers serving this furnace as steam- 
generating units, thence through the original exit duct to a point where a 
bulkhead diverts the gases in a reverse direction through two of the 
boilers of No. 3 furnace. After the gases have traversed these two 
boilers, another bulkhead placed in the duct between No. 3 furnace and 
its boilers causes them to traverse still one more boiler, from which the gas 
path leads to the stack. In this scheme the last three boilers traversed 
by the gases, i.e., the boilers behind No. 3 furnace, function as economizers 
and preheat the feed water for the two steam-generating units directly 
serving No. 2 furnace. 

This discussion will give consideration to he results obtained in 
waste-heat recovery by the scheme shown in Fig. 1, and, further, will 
compare these results with those obtained before the boilers of No. 3 
furnace were set up to act as economizers, but before going into the detail 
of heat generation, distribution and recovery, will present some addi- 
tional details of the equipment. 

All boilers in this waste-heat plant are of the Stirling type. The two 
behind No. 2 furnace, acting as steam-generating units, of class 13, are 
40 tubes wide and rated at 1112 boiler hp., while the three boilers behind 
No. 3 furnace, acting as economizers, are also of class 13, but 28 tubes 


* Assistant Chief Engineer of Power Plant, Nevada Consolidated Copper Cor- 


poration. ' 
+ Smelter Research Engineer, Nevada Consolidated Copper Corporation. 
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wide and rated at 779 boiler hp. The boilers are equipped with “valve 
in head” soot blowers; those of the boilers generating steam using steam 
for soot-blower operation while those 
of the economizer boilers utilize air for 
soot-blower operation. Hand-operated 

4 air lances are used to supplement the 
soot blowers, particularly in the front 
tube banks of the boilers directly 
behind No. 2 furnace, which collect 
fairly heavy deposits of dust from the 
furnace. 

4 Steam generation from the waste- 
heat boilers is measured by electrically 
operated flowmeters, each boiler having 
its own meter. These meters measure 
the net steam delivered to the power 
plant, that being required for soot- 
blower operation not being credited as 
boiler evaporation. These meters have 
been checked, at. suitable intervals, 
against a master waste-heat steam- 
meter, and also against a V-notch 
meter which can be arranged to meas- 
ure the feed water going to the boilers. 
Under these conditions the waste-heat 
evaporation is accurately known. 

The feed water supplied to these 
boilers is approximately 85 per cent 
condensate, the remainder being a : 

RN 


NY 


Séc7iow C-C 
Fie. 1.—(Continued.) 


SECTION A-A 


Conrour 


softened water, treated by lime and 
sodium aluminate, so that the treated 
water has a hardness of 1.2 grains per 
gallon. The feed water is heated by 
exhaust steam in an open air heater at 
the power plant, the water temperature 
at the heater ranging from 190° to 
200° F. From here the water passes 
under pressure through a water screen 
in a separately fired superheater, where 
the temperature is raised 5° to 7° 
higher, and thence to the waste-heat boiler plant. However, several 
degrees of temperature are lost between these last two points, so that 
the final temperature of the feed water entering the waste-heat plant is in 


the range of 190° to 200° F. 


SECTION B-B 
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Under the present scheme of waste-heat boiler operation, the feed h 


water passes progressively through No. 7, No. 6 and No. 5 economizer 
boilers and thence to the steam-generating boilers 3 and 4. The tem- 
perature of the feed water is raised approximately 120° in passing through 
the three economizer boilers. 

Steam in the waste-heat boilers is generated under a pressure of 
approximately 190 lb. gage, that from No. 4 boiler being superheated to 
approximately 500° F., while the steam from No. 3 boiler is delivered 
at the saturated temperature. The temperature of the combined steam 
from the two units is in the neighborhood of 450° F. 


REVERBERATORY-FURNACE PRACTICE 


Pulverized coal is used as a fuel in the McGill furnaces, the coal 
being prepared in a separate building where grinding is performed in a 
Hardinge ball mill. The pulverized fuel is delivered as a coal-air mixture 
(approximately 10,000 cu. ft. per minute), at about 6 in. water-gage 
head, to the furnace burners. No. 2 furnace has nine 6-in. diameter 
pipe burners. A quantity of booster air (approximately 2000 cu. ft. per 
min. at 14 lb. pressure), in addition to that required for conveying the 
fuel, is admitted through pipes that extend part way into the burners. 
This air has an aspirating effect on the coal-air mixture entering the 
burners and also assists in projecting the fuel-air mixture into the furnace 
with a fairly high velocity. The velocity of this stream has the further 
effect of assisting in the aspiration of the required quantity of secondary 
air through the openings surrounding the burners. 

The present metallurgical practice in the McGill reverberatories, 
locally described as ‘‘direct smelting,’ involves the smelting of a wet, 
raw charge, rather than the smelting of hot or dry calcines. The raw 
charge to the furnace has a moisture content of approximately 9 per cent, 
the temperature of this material being that of the ambient air. The 
matte grade produced is approximately 35 per cent copper. Charging 
of the raw material into the furnace is accomplished by introducing the 
material through holes in the furnace roof adjacent to the side walls. 


, FUEL 


Under the present average rates of operation the daily coal require- 
ments for the No. 2 furnace at McGill are roughly 117 tons. This coal 
is a bituminous grade from the Utah field, received at the plant in the 
forms of slack and dust. A typical average proximate analysis of this 
coal on the as-received basis follows: moisture, 6.82 per cent; volatile 
matter, 31.35; fixed carbon, 55.27; ash, 6.56; B.t.u., 12,140. 

Some moisture elimination is accomplished before this coal goes to the 
pulverizer but under the present arrangement the quantity of moisture 
entering the pulverizer is the same as that entering the furnace burners, 


NN. W.. SAGER AND H. W. MOSSMAN 241 


- since no moisture elimination is effected between the pulverizer and the 


burner. A portion of the moisture, however, may appear associated 


with the primary air rather than with the coal in the coal-air mixture. 


In drying and handling coal there are certain physical losses. From 
data available it is estimated that this loss, in addition to moisture 
elimination, is approximately 2 per cent of the coal weight as received. 
A typical ultimate analysis of this coal on the as-received basis and on the 
basis of delivery to the burners is given in Table 1. A typical screen 
analysis of the pulverized coal is shown in Table 2. 


Ultimate Analysis 


Tasie 1.—Analysis of Utah Coal Used at McGill 


As Received, Per Cent 


In Burners, Per Cent 


DSO) oe Rs ote cte at een a ee 6.82 4,33 
Garon a1 teks ee tes, te ecb ets 66.42 68.19 
TEV CLE Erte, Sue eh Reet cree ee ates sites sho + 5.06 5.19 
Oxy ven AVATAR DATO 2B us 12.538 12.88 
NETO m eK I eit rest nae seh aa fal ise 1.42 1.45 
(SUITOR Cetin ee te I ee nee eee 16 1.66 
PAsGnaee Fee, th OE. CM MY, : 6.14 6.30 
4] SS I en es eee See eee 100.00 100.00 
TasBLE 2.—Typical Screen Analysis of Coal Used 
Mesh Individual Weight, Per Cent Cumulative Weight, Per Cent 
+ 48 0.7 
+ 65 1.0 Near 
+100 4.7 6.4 
+150 6.5 1289 
+200 9.2 22.1 
—200 77.9 100.0 
TaBLE 3.—Combustion Products* 
Constituent Gas, Lb. Ou. rl ei 
LOMO: artis amar eager aie tea Na ae es 2.499 20.25 
INGO oot eae a ncn haw nests 6.986 89.10 
FO See Here PAR tne heats eee 0.467 9.31 
Cnet PRL Rew, Res tye, «ays fas 0.033 0.18 
9.985 118.84 


« Per pound of coal with no excess air. 


Calculating the air requirements for perfect combustion of this coal 
on the as-received basis shows that 8.923 Ib. of air are required per pound 


Jo 
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of coal, while on the basis of coal delivered to the burner this would be 


9.132 lb. of air per pound of coal. On this latter basis the combustion 
products per poms of coal with no excess air would be as shown in 
Table 3. 


GASES OF COMBUSTION 


The location of the various stations for making gas analyses and 
temperature measurements is shown on Fig. 1. Station 1 includes five 
sampling points across the reverberatory section. Results secured from 
the central point are compared in Table 4 with those secured from a 
five-point traverse across this section. Single sampling points are indi- 
cated for each of the steam-generating boilers (Nos. 3 and 4) on the inlet 
and exit gas sides, while the final gas condition is determined at station 4, 
located at the gas outlet from the last economizer boiler (No. 7). For 
operating conditions prior to the use of boilers 5, 6 and 7 as economizer 
boilers, the final gas condition was that as obtained at station 3 on the 
exit side of boilers 3 and 4. 


TaBLE 4.—Representative Temperatures and Gas Analyses at the Various 


Stations 
TEMPERATURE 
STATION Dee. F. 
l-a 2000 
1-b 2000 
2 1800 
3 664 
4 323 


OrsaTt Gas ANALYSES (VOLUMETRIC), PER CENT 


Station l-a Station 1-b 


(Center) (Composite) Station 2 


Station 3 Station 4 


These Orsat analyses for station 1-b when corrected for HzO and SO, are as 
follows: 


COn SS Sears eee By deat OF ee et es ee cle 6.0) HL2O% os.i. ty ost eae 


STEAM PRODUCTION 


Waste-heat steam production and the fraction of heat recovery 
indicated thereby will be shown for two different periods. The first 
period includes results obtained during a 15-day run in J anuary, 1933, 


4 
4 
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just previous to the adoption of the economizer boiler scheme. The 
second period includes results obtained during a 30-day run in February 
and March of 1933. 

The essential data pertaining to steam generation and heat recovery 
are: 


PP enlemerpolind conliaa received «anh 1G. ens hernquactioacts Alyn & Eh : 12,140 
S5 Ct CDEr-OURG COB AS: DUTTON 5 Sasa gyal nf kas « ecg cfsceye! Savmia ual tas 12,460 
Feed-water temperature, deg. F................00seeceees Rs ee 193 
Feed-water temperature leaving economizers (when operating), deg. F... 310 
wiccm cemperatire. deg! PIG. 7.2066). SC Se Se A 447 
Superheat, dee. Ty.-ctwas. gibt. oi. itiew. Sly .4. lk aeee lees. een. otk, 63.9 
Peo pressure Jb. perads it. tats avi qd srlenh: oe SRAtayS - 191 
pubaolitue ppesasire. MD. ev RET) cei i ack & Gian! Fs acticin ans inci nnd “Pea as 203 
otalonedt- iran: FS. tWs DEL LD oseqs:s wield te a. ails ait osnss anes beats vis & bakes hike hie 1,237.9 
Gov peatan- tecaswater, B-tar- per lb......c8: seh. sort oee ole vee s cok 161.0 
Hest input to steamieB trus pér Ib0 sir JOT 0, PO LOFE 80) Soe BIG | 1,076.9 
Without Economizer With Economizer 
oilers Boilers 
15 Days Operation in | 29.7 Days Operation 
Jan., 1933 in Feb. and Mar., 1933 
Steam produced per pound coal as received, lb. 6.18 6.84 
Steam from and at 212° per pound coal as re- 
celye@illh. J208. A288. FAMINE CHESS. 6.91 7.65 
Steam produced per pound coal as fired, Ib.... 6.33 7.02 
Steam from and at 212° per pound coal as 
Panel a blo eepoamarade ns Tee See ee cass s  sanes ota St cua 4 7.08 7.85 
Per cent recovered in steam of B.t.u. in coal as 
RECELVICU Gur ain haa. atingiehte hao hae: 54.8 60.7 
Per cent recovered in steam of B.t.u. in coal as 
Dames a: Fy atte Mil ct eelinomer J: 55.9 61.9 


SUPPLEMENTARY REMARKS 


In order to gain a better insight as to the why and wherefor of differ- 
ences in waste-heat steam recovery from reverberatory-furnace exit 
gases it is necessary to consider the multiplicity of factors that in one 
way or another affect the quantity of heat recoverable in the form 
of steam. ; 

As one means of establishing the magnitude of the various factors 
influencing the fraction of waste heat recovered it might be suggested 
that a heat balance be developed for the reverberatory-furnace waste- 
heat boiler system. Actually when an attempt is made to do this with 
the typical data set forth in this report, and similarly with the Clarkdale 
data (see page 246), it is found that the amount of heat leaving in the 
steam plus that leaving in the exit gases from the boilers is greater than 
the amount of heat entering the waste-heat boilers as calculated from the 
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typical uptake-gas analyses and temperatures. At once, of course, the 
statement is justified that some or all of the available data are incorrect. 
At McGill, the available means of steam quantity measurement are such 
that this factor may be set down as being accurately known. The 
remaining sources of error are then traceable to gas analyses and gas 
temperatures, wherein the possibility of error rests not so much with the 
accuracy of a single measurement as it does in the failure to establish a 
true mean set of values, such as would result from a complete traverse 
of the gas-flow path at the various stations. The truth of this statement 
is well shown in the Orsat analyses (Table 4) where the first two columns 
contrast the gas analyses at a single point in the center of the gas path 
with the average gas analysis for five points on this section. A heat 
balance based on the gas sample at the center of the furnace fails entirely 
to account for the mass of gas required to convey the quantity of heat 
needed to balance the steam output and that contained in the final exit 
gases. A closer approach to a heat balance agreement is obtained when 
the composite gas analysis of the second column is made the basis 
of calculation. : 

Gas analyses similar to that of the first column have long been 
reported as representative of the uptake gases in the McGill reverberatory 
furnaces, although at the same time it has been known that such analyses 
with the quantity of waste-heat steam produced gave heat quantities 
that were in disagreement. Apparently the only way to reconcile these 
two factors was to account for more gas than was generally shown by the 
analyses. Not only is this requirement dictated by theory; it is actually 
substantiated by recent field tests at McGill.- 

In comparing in a more or less rough manner the waste-heat recovery 
from various installations, without resorting to the details of a complete 
heat balance, it appears desirable that some weight should be given to the 
influence that sulfur combustion has on the final results. Thus for the 
February-March period covered in this report, sulfur was eliminated 
at such a rate that for each pound of coal burned 0.302 lb. of sulfur was 
driven off from the charge. If it be assumed that this sulfur was burned 
to sulfur dioxide and its calorific value taken as 4050 B.t.u. per pound, 
then for each 12,140 B.t.u. liberated by the coal there were also liberated 
1220 B.t.u. from the sulfur. This is roughly 10 per cent of the heat value 
of the fuel, so that its effect on the final result is appreciable. 

As has been mentioned, “direct smelting” is the present practice at 
McGill. In view of the fact that the Clarkdale data are based on calcine 
smelting, it may be well to show some results obtained at McGill during 
the first 10 months of 1932, when calcine smelting was being done. 
During this period an average of 121.4 (as received) tons of coal per 
furnace day. was being fired, and an average of 5.66 lb. of water was 
actually evaporated in the waste-heat boilers per pound of reverberatory 
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Waste-heat Boiler Practice at the United Verde Copper 
Company Smelter 


By J. R. Marston,* CLARKDALE, ARIZONA 
(New York7Meeting, February, 1934) 


THE arrangement of the larger furnace at the United Verde smelter, 
together with the boiler layout and connecting flues, is shown in Fig. 1. 
The important dimensions are given in the figure, and cross-sectional 
areas of combustion space, flues, etc., are recorded. The location and 
extent of the baffling in the boilers also are shown because of their 
importance in the interpretation of the data. 

Two boilers serve each reverberatory furnace. They are of the class 
M-26 Stirling type (rated at 713 boiler hp. each). Steam is generated 
at 178-lb. gage pressure at a total temperature of 528° F., from feed 
water at a temperature of 113° F. The feed water is condensate from 
turbogenerators plus make-up softened by the lime-soda process. The 
make-up is rather large in amount as it must match the amount of steam 
consumed in reciprocating blowing engines and the like, which are not 
served by surface condensers. As a result the boiler feed water has a 
hardness of 1.5 to 3.0 grains per gallon, but this results in the formation, 
during six months to one year of boiler operation, of scale only of “‘egg- 
shell” thickness or less. 

The boilers are set at the same elevation as the tapping floor of the 
furnace, which results in the introduction of the waste-heat gases at the 
top of the front bank of tubes and necessitates the inversion of the usual 
baffling arrangements. 

The boilers are equipped with valve-in-the-head soot blowers, which 
keep most of the dust blown off the surface of the tubes, but it is necessary 
to supplement the soot blowers by high-pressure air lances, inserted by 
an attendant through side doors in the boiler setting. 

Deposits of coal ash and of dust from the furnace charge accumulate 
in the flues between the reverberatory furnaces and the boilers and this 
necessitates cleaning of these connecting flues by hand during the greater 
part of one of the three 8-hr. shifts during each 24 hr. This cleaning 
operation requires the opening of clean-out doors, which, of course, has 
some effect on the yield of steam. 


REVERBERATORY FURNACE PRACTICE 


The United Verde furnaces are fired with pulverized coal of sub- 


bituminous type of which the screen and chemical analyses are given in 
Table 1. 


* Research Chemist, United Verde Copper Co. 
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30 per cent copper frota the wicnine ao a solid pe conigentl 
cent hot calcine, together with the treatment of molten converter slag, 
returned from the converting of the matte. The temperature of the i 
calcine is approximately 800° F. Asa rule there is no limerock added to | 
the charge, therefore there is no gas originating from the decomposition 
of carbonates. There isa small amount of SO. produced through elimina- 


TaBsLeE 1.—Coal Analysis 


Cuemicat ANALYSIS 


As Delivered 40 Burners, 


As Received, Per Cent Per Cent 


HO). Buea ee Bi ee 5 Wi a. 5.20 
COLTS eae Rie BENE de Sue 6 60.0 64.10 
Socks hen SOMO ¢ . ecieen na 4.7 : 5.00 
Ol Re on arts 2 EEE S . Re RR eer 11.5 12.27 
Nowe tc. Spee Re ee oe oes i bee | i lbs 7g 
BORER rea iy peer arn ees ee 1.0 1.06 
Ashi G23h.eh FR Socata ae ceee. eee SETHE. 10.5 11.20 
100.0 100.00 
B.thu. PeripoulGnwe tte. ccs: 10790 11520 
Screen ANALYSIS OF,PULVERIZED CoaL 
Mesh Individual, Per Cent Cumulative, Per Cent 

On.65 ce) a... 2 ee ee 6.9 6.9 

100.8 te ee ee 7.9 14.8 

Wi eee Saceee cs SRO A Oe 13.3 28.1 

200 cern scat ee 12.2 40.3 

300 ER: em Ne oes 51.6 91.9 

B10 ee ae ORR oor CR 3.0 94.9 

Through 3500... +, ;: ate eee 5.1 100.0 


tion of sulfur from the solid charge, which is added to the gas volume 
produced by the combustion of the coal. This small amount of addi- 
tional SO, is recorded in the data listed in Table 2. The solid charge is 
introduced along the side walls through holes in the roof of the furnace. 
About 90 per cent of the solid charge is introduced into the zone 35 ft. 
long beginning at the burner end of the furnace. 

Fuel.—One reverberatory furnace of the size shown normally burns 
112.58 tons of pulverized coalin 24 hr. The fuel is received at the smelter 
as screened slack from Gallup, N. M. It is sub-bituminous in type and 
has the following approximate analysis: moisture, 11.20 per cent; volatile 
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matter, 36. 60; fixed carbon, 41.70; ash, 10.50. As the moisture is nearly 
all combined moisture, the coal is dried until the moisture content is 
5.2 per cent, then pulverized and delivered to the furnace bins. The 
ultimate analyses of the mine-run and pulverized products are given in 
Table 1. 

As a result of the reduction in moisture content to 5.2 per cent H,0, 
the coal as burned is 93.7 per cent of the weight of the coal received. Of 
course there are physical losses of coal in the drying and pulverizing 
process other than the mere loss of weight due to the elimination of 
moisture. The data in this paper refer to the coal as burned; that is, the 
pulverized coal containing 5.2 per cent moisture, which actually passes 
through the burners and into the furnace. One pound of pulverized coal 
requires 8.6123 lb. of air for combustion and the perfect combustion 
results in the products shown in Table 2. 


TasLE 2.—Products of Combustion of Pulverized Coal 


Gas, Lb. Gas, Cu. coe Rn aEe 
OO has Ges SOS GO RS ee 2.3503 19.044 
DY fics x, toes ner ae a ee eg 6.6268 84.644 
Ea eat Rasa aia. c eae oa Se EY 0.5020 10.000 
CLUES aot tae 6 vont a... Or ie eee 0.0212 j “hs Ost 19 
9.5003 113.807 


TasLeE 3.—Gas Temperatures and Analyses 


GAS-SAMPLING TEMPERATURE, 
STaTIon R. 
1 2200 
y) 1900 
3 600 
Gas ANALysES (VOLUMETRIC), PER Cunt 
Station 1 Station 2 Station 3 
As Meas- As Cor- As Meas- As Cor- As Meas- As Cor- 
ured by rected for ured by rected for ured by rected for 
Orsat H:0 and Orsat H20 and Orsat H:20 and 
Apparatus SO2 Apparatus SO2 Apparatus SO2 
(C10 se com geet rae 18.0 16.2 Dats 16.0 17.0 15.3 
COR 0.3 0.3 
O. 0.5 0.5 1.5 la 
Nowe eet de Fens 81.7 73.0 81.7 1 81.5 To 30 
H.0. 9.4 9.2 8.9 
ClO hae SAE oe isa! ast 1.0 
Totahkamis sce 100.0 100.0 100.0 
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Gases of Combustion.—On Fig. 1 the locations of three gas-sampling __ 
stations are marked: station No. 1 being through the roof of the reverber- __ 
atory furnace close to the gas uptake; station No. 2, at the entrance to 
the boilers and station No. 3 at the exit of the boilers. Typical gas 
analyses and temperatures at these stations are given in Table 3. 


STEAM PRODUCTION 


As mentioned, boiler campaigns are from six months to one year, with 
an average of about eight months, so for the purposes of reporting the 
yield of steam, actually measured quantities of water and fuel have been 
summed up for an eight months’ period. The data obtained may be 
summarized as follows: 


Pulverized coal as received contained................. 10,790 B.t.u. per pound¢ 
Pulverized coal as burned contained.................. 11,520 B.t.u. per pound? 
Feed-water temperature... .<:s.0 240170. 55. ee oko = 113° BF, 
Temperature iof steamnianut. se. Sarees) I. See = §28°F. 
Superheatohsteamm™ ss et ee ee et eee = 150°F. 
Gage*pressute 29 85... -% Sse. bn oe eee ee = 178 |b. per sq. in. 
Absolute pressure... ..4 sis «cis bausis dubia ee eee ee = 190 lb. per sq. in. 
otal. heat, In steam...) 7c seen eee = 1,283.8 B.t.u. per lb. 
Total: heat infeed: water sn). <1... ari, schol eet ne errr ee = 81.0 B.t.u. per lb. 
Heat imput to. steam. 2% as. scuacja tees € ase ere ee = 1,202.8 B.t.u. per lb. 
Steam generated: 
Per pound wet slack coal (coal-mine weights)...... 3.75 
Per pound wet slack coal from and at 212° F...... 4.65 
Per pound pulverized coal actually burned........ 4.18 
Per pound pulverized coal from and at 212° F..... 5.18 
Percentage recovered in steam of B.t.u. in coal 
actually paid for ota2<...dk teh «oe v's os 21 41.9 
Percentage recovered in steam of B.t.u. in coal 
actually: burned... Ay tees 2 ae eee 43.6 


* Calorimeter determination, H:O condensed. 


SUMMARY 
Tons solid. charge smelted per 24 hr. 7..00-.site eee ee eee 883 
Tons pulverized coal (5.2 per cent HO) burned per 24 hr............... 112.58 
British thermal units per ton solid charge...................-0.eece ec. 2,938,000 
Pounds water evaporated per ton solid charge smelted.................. 1,067 
Pounds water evaporated per million B.t.u..........................-.. 363 
Efficiency based on pulverized coal actually burned at the furnace: 
‘ ‘ 4 Perr Cen’ 
To smelting, conduction, convection and radiation losses, etc...... 43.0 ; 
Transferred: to steam pc... «2 .... fie ceds cae a dee ee 43.6 


iS an ea _ 


Waste-heat Boiler Practice at Miami 


By P. D. I. Hontyman* anv P. A. Faust,} INSPIRATION, ARIZONA 


(New York Meeting, February, 1934) 


At the Miami plant of the International Smelting Co., Inspiration, 
Ariz., there are four reverberatory furnaces, all 120 ft. long. At present 
only one of these furnaces is in operation. It is operated as a wet-charge 
furnace, the charge being distributed for about 65 ft. down the furnace 
length. Usually this charge contains about 12 per cent moisture and 
runs 25 per cent sulfur, of which there is eliminated in the furnace from 
25 to 30 per cent. 

The furnace is oil-fired, the fuel being burned in a battery of Cananea- 
type, low-pressure burners. The flame is kept short and conditions so 
adjusted as to obtain complete combustion within the furnace. The 
average furnace draft, taken through the verb arch, amounts to only 
0.02 in. of HO. Draft is purposely kept low to cut down infiltration 
through the flues and boiler settings, and control dampers are regulated 
to maintain this uniform condition throughout the charging as well as 
the smelting period. 

Hot gases discharge from the furnace uptake through a common 
header flue to the waste-heat boilers. The general layout and dimensions 
of the plant are shown in Fig. 1. Four Stirling boilers, two of class M-26 
(713 hp.) and two class M-31 (850 hp.), serve the furnace. Three usually 
are sufficient to take care of normal operation, the fourth boiler being 
used as a spare when necessary. 

The distribution of hot gases to the various boilers is regulated by the 
dampers in the boiler exit flues. Normally the boilers closest to the 
furnace uptake would evaporate more water than do those farther away, 
but dampers are regulated so as to distribute fairly well the load between 
the several boilers. 

Steam from the waste-heat plant is delivered to the adjoining power 
house of the Inspiration company, where it is used both in the Nordberg 
blowing engines and for electrical generation. Steam pressures and 
temperatures recorded are those in the main power-plant header and are 
thus inclusive of all losses in about 500 ft. of 10-in. line. Steam for 
smelter heating and auxiliary use is taken from the main waste-heat 
header, is reduced to 125 Ib. and distributed through separate lines. 

Boiler feed water is supplied by the power plant and consists of 
returned condensate, augmented to a large extent by make-up water 


* Superintendent, International Smelting Co. 
+ Master Mechanic, International Smelting Co. 
251 


ph a ce 


. (0D DNILIGNG IVNOILVNUGLNY ‘SaaTIod LVEH 
-aISVM ANY SHOT AOVNUOA AMOLVARAUAAGY F ‘ON AO LNAWADNVUAY—'T ‘D1 


eel 


N 
Gams 
IEEE 


Sw Ay LIZZ LLL. VALLE: LLELEL, Wt VILLALEEL WELLL. VLLESELLA 
S \ [SMO LS NITE WHS SUD 


4g46 29 anusen arunund YL 


L WN 
SN eae ZS 


PA 
Y 
4 
Y 
a 
SOS IEE 
az Gh. ; 


anny, 


No RS 2908) LIinUG 


pea 


a\ oe. VL -92w 
aor sees 


ts 0L @@ NolLoas 4a $646 UL NOILosS 


ousy yaa ‘ 
ee eee 


Ie 


SH C/L -9%W 
980719 PNITHILS 


3074 ssousy New 


waTI0g e t. 


> a ZL WAM ee, 


SSSS SSI 


~\S2N/INZI OS BNYNEG 10 2 YSPaH0d M07 


(SS oe 


UZ 


a'HOSe —icwW w---- 
SSH79 ONITHILS 
yatI0g 6a 


See mio paral 


Pi : gooooooo oe oon oe eo ooo ooo} 
Tf ee a ae mm ae a we ae a a ne oe eee 


ts 08 B34 
i eee te ee 


wy 


i ert a 


subien uvsti0g | — 


aH Os¢g—lew (Its le 
SSy79 9NTMILS | 
ysn8g Oye 


‘< \4 Y 
ee , =) a 


P. D. I. HONEYMAN AND P. A. FAUST 253 


that has been treated by the lime-soda ash process. All feed water is 
measured to the boilers through a tipping weighmeter and a Lea V-notch 
recorder. Boilers are blown down about once a shift, all such blowoff 
being also metered. 

A certain slight amount of scale forms in the boilers 1a it is necessary 
from time to time to scale the tubes, particularly those of the front banks. 

There are no soot blowers but boilers are dusted once a day with a 
hand lance using high-pressure steam. The accumulation of dust within 
the boiler is comparatively light and settings do not have to be cleaned 
out more than once in several months. 

The boilers are on the same floor level as the reverberatory furnace 
and since the hot gases enter at the top it is necessary that the baffles 
be installed in a reverse manner to the baffling usually found in a direct- 
fired boiler. 

The larger, more recently installed M-31 class boilers have super- 
heaters just back of the first bank of tubes, as shown in Fig. 1. In the 
older M-26 boilers the superheaters are behind the last bank of tubes, just 
in front of the boiler uptakes. In the older boilers, when wet charging 
was adopted extra baffling was installed in front and behind the super- 
heaters to further assist in heat recovery, and the production of steam of 
better quality from these boilers. 

Waste-heat recovery based on heat input to the steam as delivered 
to the power plant, and corrected for blowoff, amounts to 41.3 per cent 
of the original heat content of the fuel burned in the reverberatory fur- 
nace. This amounts to an equivalent unit evaporation (from and at 
212° F.) of 7.75 lb. of water per pound of oil burned. 

A further way of expressing this result in terms of heat units per ton 
of charge smelted is as follows: 


Miturons B.1.u. 
pPpR Ton or CHARGE 


ACO aH Ue WEED ULC Mey ten einai corset MED MN s Som iss sediiens 0 5s botonn 3 5.597 

Neca CNeU aTWS GERDA sr neen eevee ise Sen sc oehs ernie age cttrccert unseend ogehes Pd 2.310 

Net furnace CONSUMpLHON ..cron ceca Soho deere: Se eine eo os caval ate 3.287 
FUEL 


Fuel oil is received in tank cars and unloaded directly to the smelter 
unit tanks or to storage, depending on local conditions. Pertinent facts 
concerning fuel oil are as follows: 


Average daily fuel consumption, bbl........... 6. 66. cece ee eee ee rene 450 
Sieei ib er aviGy Cees Gre. fet api aes eect vee he eee aaa ee 13-14 
Oy ea gaele Sho Dees sie ae are eal ae eeec e ee ee 340.6 

18,220 


Pet contort per POUnG st AR ise Oiicminem ie ys ae es ke seen meee 
Meat content per-parrel, BAA... 2 os. eee ie ee ee nye nec ee ee eee 6,205,732 


Fuel oil is heated to 120° F. for pumpit 
at 70 lb. pressure, where it is metered and furth heat 
to 200° F. before being delivered to the burners. T 
oil temperatures are controlled all along the line by thermosta‘ 


Tas_eE 1.—Gas Data 


Furnace uptake temperature, deg. F..........2----0- eee eeeees 300 

Average boiler exit gas temperature, deg. F...................- 500-550 ; 

Draft at veri arches is .. ts fas dt nee: ee te ek ee Oz. tee 
CO: + S802 Oz: CO 


Analyses, per cent : 


Sele ae so elec Geis 0:6 [ele ee 8 ip 2 0 m1 Sin Sia 0) sls ale 6 aya eral « eile mia 


‘Behind "Boudin. ss. 2. toe abet ees at tee te omen) ee i biol Sts 
mi, | TABLE 2.—Data on Steam 4 
: Feed-water temperature, deg. Fiscc.sc0).. se suete - . cae eee 168.4 | 
v Steam preasure gage, Ib. per. 6Q4 in a2 2. 6celh ek eo aie ee ee 184.8 
5 Steam pressure, abs., Ib. per sq. in......... as i hese eae arr 197.7 
: Steam temperature, degt Po ee ee ee eee 413.1 
= Superheat}-degi PAG J7.8)+,.008 DUI, G16. CE RIC oe ee ee 32.2 
Total:heat in:steam}B.tareina fable 4) 01. . 2edebe See ee 1,218.5 
Heat in feed waterg.B.iinsqeseet: ai «ba lheten caer edie 136.4 
Heat input.to:steam, Bim <i oetee: Gdeach ag eee 1,082.1 
Actual unit evaporation per pound oil burned, Ib....................- 6.95 
Equivalent unit evaporation (from and at 212° F.) per pound oil 
burned ib GAR 24 AE 2hod, Ae Deeadt epee te et 55 
Heat recovered in gross steam produced of heat in fuel burned, per cent 41.3 
Heat input of fuel consumed per ton of charge smelted, B.t.u......... 5,597,570 
Water evaporated per ton of charge smelted, Ib.................--2- 2,135 


Water evaporated per million B.t.u. of heat input, Ib................ 382 


Waste-heat Boiler Practice at the Magma Copper Company 


Smelter 

E By J. H. Rosr,* Supmrior, ARIZONA 

2 (New York Meeting, February, 1934) 

THE arrangement of the reverberatory furnace and the two waste-heat 
: 2 : és 
; boilers at the Magma Copper Company’s smelter at Superior, Ariz., is 


shown in Fig. 1. The inside dimensions of the furnace at the slag line 
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Elevation and Vertical Section at Boilers 


Fig. 1—ARRANGEMENT OF REVERBERATORY FURNACE AND WASTE-HEAT BOILERS, 
Maama Copper Co. 


are: length, 96 ft.; width, 22 ft. The boilers are Erie City vertical type 
with a rated capacity of 700 hp. The 3-in. boiler tubes are arranged in 
two banks with a vertical baffle between. The banks are 30 tubes wide 
by 9 tubes deep—a total of 540 tubes. 


* Smelter Superintendent, Magma Copper Co. 
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Steam is generated at 200-lb. gage pressure and a total temperature — . 


of 500° F. from feed water at a temperature of 250° F. The feed water 
is condensate from turbines plus make-up softened by a Zeolite softener. 
The water is heated by two-stage extraction heaters using partially 
expanded steam bled from the turbine. 

Originally the boilers were equipped with soot blowers but these 
were not effective in dislodging the heavy dust and are not now in use. 
Tubes are kept clean by hand lances using compressed air; requiring one 
man per shift to look after two boilers. The greatest dust attachment 
occurs in the front row of tubes, where the hot gases strike the tubes at 
high velocity. The dust particles are in a semiliquid condition and build 
up rapidly on the tubes unless dislodged at frequent intervals. 


REVERBERATORY FURNACE PRACTICE 


The furnace is fired with fuel oil of the heavy type known as Bunker C. 
The oil is heated to 200° F. and supplied at 100 lb. gage pressure to six 
burners using air at a pressure slightly under 2 Ib. gage pressure. 

The furnace charge consists of 80 per cent hot calcine at a temperature 
of 800° F. and the remainder of cold material consisting of crushed ore, 
converter byproducts, Cottrell dust and other flue dust. The matte 
averages about 40 per cent copper. The daily tonnage of solid charge 
has varied from 300 to 700 tons, according to the supply available, and 
the oil consumption varies from 180 to 350 bbl. per day. The furnace 
is side-charged for a distance of 50 ft. from the bridge wall, and the greater 
part of the smelting is done in the first 25 feet. 

Samples of gases of combustion, taken at the entrance to the boilers, 
analyzed by Orsat apparatus show: CO, + SOs, 14.0 per cent; CO, 
0.0; Os, 10% Nae, 85.0. 

Data on steam production are given in Table 1. 


TaBLeE 1.—Steam Production 


Estimated heat value of oil, B.t.u. per Ib................0.cc0cceeeeee 18,500 
Feed-water temperature,}deg., Ro1,. bie J -sk See nee... 250 
Steam temperaturs, dee (Pv ccceceentat MY Pk. a 500 
Gage pressure, Ih. 594.2 055 es Ale A ee 200 
Total heat in steam, Bitty perf ah... ORM... . 0s... 1,265 

Total heat in feed water, B.t.u..per Ib...................0-..... 218 

Heat input to.steam,B.t.u. per Ibs ii .vnconnisegue ved. aes orem 1,047 

Water fed to boilers per pound oil burned, Ib....... 6.30 
Equivalent evaporation from and at 212"; lens caer aeee pe ka a ae 6.80 
Recovered in steam of B.t.u. in oil burned, per cent...... 35.6 


Waste-heat Boiler Practice at the Garfield Smelter 


By R. A. Marriort,* Garrretp, Uran 
(New York Meeting, February, 1934) 


THE steam-generating plant at the Garfield smelter of The American 
Smelting and Refining Co. consists of two divisions in which the boilers 
are classed as direct-fired or waste-heat. The direct-fired boiler plant 
consists of eight 330-boiler hp. type K-19 and S-17 Stirling boilers located 
in the boiler room adjacent to the power house, and two 330-boiler hp. 
Stirling type K-19 boilers in the reverberatory building, which formerly 
were connected to a reverberatory furnace but now are arranged for direct 
firing. All direct-fired boilers are now fired with natural gas. 


WASTE HEAT 
“BOWERS - BATTERY 
SETTING Vis 


SECTIONAL ELEVATION. 
Fig. 1.—ARRANGEMENT OF REVERBERATORY FURNACE AND WASTE-HEAT BOILERS AT 
GARFIELD, UTan. 

The waste-heat boiler plant consists of all units connected to reverber- 
atory furnaces, and receiving heat from the exit gases therefrom. In this 
classification there are two 490-boiler hp. Erie City vertical water-tube 
boilers, and six 330-boiler hp. type K-19 Stirling water-tube waste-heat 
boilers. Each furnace has boilers arranged in battery setting. The 
boilers are directly in front of the furnace and connection is made through 
a short uptake and flue (Fig. 1). The Stirling boiler settings rest on 
concrete foundations at ground level, with the furnace uptake and flue 
at a low elevation. The Erie boilers are carried on steelwork some 15 ft. 
above ground level, and stand against the face of the uptake with no 
connecting flue. The constructional requirements of a larger furnace 
dictated this type of setting. 


*Plant Engineer, The American Smelting and Refining Co. 
257 


_ 


258 WASTE-HEAT BOILER PRACTICE AT THE GARFIELD SMELTER 


Owing to the direct path of gas and short flue system, a large amount 
of dust, slag, etc., is carried over and forms accretions on the tubes, 
particularly on the front row. This makes it impossible to use baffling 
of any kind, therefore the boilers act as single pass boilers. Air lances 
are used almost continually to keep the accretions at a minimum. 

In addition to the usual boiler accessories each of these boilers has 
tracyfiers and traps and two distinct feed-water systems. The main 
feed-water system supplies treated water from the power house. The 
secondary system feeds raw water through injectors, and is for emergency 
use only. Blowoff is taken from the mud drum on the Stirling boilers, 
whereas surface blowoff is used on the Erie City boilers. Bottom feed 
with blowoff is found to be most satisfactory. Feed-water regulators have 
been tried but have not been successful, owing to heavy surges when 
the furnace is taking charges, boiler-water concentrations and 
other reasons. 

Boiler feed water is made up of condensate returned from turbo- 
generators, reciprocating engines, power-house auxiliaries and heating 
steam, plus 25 to 30 per cent of make-up water softened by the Zeolite 
process. It is heated in open feed-water heaters by exhaust steam to 
210° F. and pumped to the boilers, where it is fed at from 180° to 190° F. 
Table 1 shows the analysis of the feed water at various points in 
the system. 


TABLE 1.—Analysis of Boiler Feed Water in Grains per Gallon 


Substance aa g ake Hot Well ated ee: In Boilers 
Sodium chloride: at. 0. te eee 30.1 29.8 8.71 8.37 377.05 
Sodiumitsulfates fs. a some tees 9.36 9.65 2.04 Ltd TA yest 
Sodium’ carbonate. s)....). 42 ene 6.78 13.45 3.98 1.46 33.1 
POCMUMemyardtes soe, a ee ete 82.6 
Calcium carbonate............... 3.9 
Magnesium carbonate............ Les 
Siliga west, Renee eee, oe 1.8 36.4 
Total dissolved solids............. 629.8 
Total alkalinity P.i..ts. 01a. usa) LeeD 12.55 3.21 Neutral |} 118.8 
Total alkalinity Ma... sose meee eee 134.4 


Eee tt 


The concentration of salts in the boiler water as shown in the table is 
comparatively high. Generally this is kept at from 450 to 500 grains 
per gallon, although concentrations as high as 650 grains per gallon have 
been carried without a great deal of priming. The condition of the boiler 
water is checked at frequent intervals daily by the use of a Leeds & 
Northrup conductivity meter, and the blowdown is governed thereby. 
The boilers are blown down, as a rule, at least three times daily to keep 
the concentration below the limits. If the concentration rises, or for any 
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reason there is trouble from foaming or priming, more frequent blowdown 
is made, but this occurs very seldom. When foaming or priming does 
take place it can be generally attributed to condenser leakage, as the 
cooling water carries 240 grains per gallon of hardness. Condenser 
leakage is controlled by daily checks on condensate from all sources. By 
this practice scale is kept down. It is not entirely eliminated because 
there are three possible sources of contamination of boiler water by scale- 
forming salts: condenser leakage, occasional use of injector-fed raw 
water and operation of the Zeolite softener beyond the time 
for regeneration. 

The boiler performance is checked also by flowmeters. All water 
leaving the open feed-water heaters is measured by a Lea V-notch meter. 
In some instances a check is made at the boiler by a’Republic flowmeter 
on the feed water. All steam leaving the boilers, except pop-off, is 
metered by Republic flowmeters on a 10 and 14-in. header line to the 
superheater and power house, and a 4-in. heating line. Blowdown is 
generally from 2.5 to 3 per cent of total feed, and is checked by hot-well 
and boiler-water concentration. ll differences between water fed and 
steam produced, except above blowdown, is charged to pop-off. This, 
of course, necessitates periodic checking of all meters. 

Steam is generated at 150 lb. per sq. in. gage, or 16214 lb. absolute, 
and is passed through a separately fired superheater where it is given a 
superheat of 100° F. This is a Superheater Co. separately fired twin 
unit, brick setting, with Detrick flat arch covered with Johns Manville 
superheater blanket, originally built for pulverized coal but at present 
fired with natural gas. Each section is rated at 75,000 lb. of steam per 
hour at 110° F. superheat. At present only one unit is operating at 
from 40 to 60 per cent of rating. 

The reverberatory furnaces to which these boilers are connected treat 
hot roaster calcines and molten converter slag and produce a copper matte 
varying from 20 to 38 per cent copper. The fuel used on these furnaces 
is natural gas from the Baxter Basin, Wyoming, and has the character- 
istics shown in Table 2. 


Taste 2.—Characteristics of Natural Gas from Baxter Basin Field, 


Wyoming 
ete B.t.u. 
Methane......... 86.2 Calculated gross heat value at 30 in. and 
60° F. 994 
Ethane enc: soe geal Calculated net heat value at 30in. and 60°F. | 893 
Carbon dioxide 0.1 Average calorimetric value as purchased at 
Garfield at 12.6 lb. plus 4 oz. and 60° F. 861 
Oxy vente. ae. 0.1 
Nitrogen’... i.. 6.5 
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gage. The gases entering the boiler are at approximately 2300° F.,. 
leaving the boiler are between 800° and 900° F. Table 3 shows the 
analysis of the flue gases before and behind the boilers. Typical operating: 


results are shown in the heat balance of Table 4. ta 
TasLe 3.—Analysis of Reverberatory Furnace Gases Before and Behind | 
Boilers . . 
Item | Before Boilers, Per Cent | After Boilers, Per Cent 
\ @arbon dioxide... a2 ome ee 10.50 9.04 
Carbon monoxides-.). = 1. See ae 
Oxygensn)) Greets. eek eee 1.36 4.64 
Sulltrmdlioxid Cacho ats: cee ho aca 1.20 1.04 
‘ ING bro eine. Soames «apy 8 Bet eee, ee ee 86.94 lies 85.28 
Re TUX COSS) AUT sae wai Se rf Ee tc cae 6.50 26.50 
; Tas Le 4.—Heat Balance of Waste-heat Boiler 
, 
Item Ripe Per Cent 
G@alorificyvalue ofsfuely. 1edasdeaces. bask Slelenacee 2 876 100 
Heatyabsorbed. by, boiler... ..n0%, «ctymloaaredt-asae epee 262.5 29.98 
Heat loss due to burning H, to H2O.......:............ 122.5 13.99 
Heat loss due to heat in dry flue gas.................... 147.8 16.88 
Heat'loss due"to' COW: oe. . nt a eee ee 
Heat loss"due'to: HO antair. 1. Se ee, ee 1.0 0.11 
Heatiabsorbediby furnaces .vlen. deere a4 eee 333.8 38.08 
Heat loss through radiation and unaccounted for between 
boleraniot and-owtlet.. scr eee Me eee ee eo 8.4 .96 
876 100.00 
Available heat absorbed by boilers, per cent............. 48.4 
Steam pressure, {b. per'sq. im. gage,....0.. 0k vs 2. a. ee ee ee 153.6 
Barometer, iti. of mercury... 52) 25 bg eek a ek oe ee 25.6 
Feed-water ‘temperature, degyF..ai\\  thaete . do . dnt 190 
Flue-gas temperature before boiler, deg. F..................00eeeee. 2,310 
Flue-gas temperature after boiler, deg. F................--c.ccccse.0.. 850 
Volurne of. fuel per hour, cig ft.3i.5 dc: Cas. ede oat eed eee 162,400 
Weight of water evaporated per hour, Ib.............000 cece ce euccece 45,650 
Gas pressure at burners, lb. per sq. in. gage........................... 15 


Inasmuch as the heat absorbed by these boilers from the flue gases is 
salvage heat, and a byproduct, steam, is produced and used for power 
production, heat and processing, a certain part of the fuel fed to the 
furnace can be credited to smelting and charged to power, heat and 
processing. If the fuel credit were made on the basis of actual heat 


nper — “eer a atom to eer an eq 1 
s fuel credit, power and other users are charged, on the basis 
ace used, for fhe amount of fuel that would have been required 


produce this same steam in direct-fired boilers. 


. 


Oe TS ee eT ON eee he = ee 


— = 


i | 
: : 
: ; 


— 
| 


> 


Application of Refractories to the Copper Industry 


By A. G. Suypam,* San Francisco, Cauir. 


Ancient as is the art of producing copper, so ancient is one of its 
eternal problems: refractories. Looking backward, in the light of 
present knowledge, clouded though it be, one cannot avoid a sense of 
profound respect for the patience, acumen and courage of those who 
have wrought so successfully despite difficulties, a more accurate under- 
standing of which seems merely to accentuate. 

The problem of refractories arises from the necessity for constructing 
containers in which to bring natural ores into thermal solution in order 
to effect reduction and separation of the valuable metal content and free it 
of undesirable contamination while producing a waste slag. The very 
forces known to produce thermal solution of sufficient liquidity are 
necessarily destructive of exposed refractory linings in proportions 
varying inversely with thermal conductivity, directly with the porosity 
and ease of fluxing of the refractories used, and directly with the tempera- 
tures employed. Beyond this, mechanical forces are set up within the 
refractory lining incident to rapid heating or cooling, shrinkage at high 
temperatures, and unequal or excessive loading, that frequently pass 
the elastic limit, causing spalling or distortion. The effects of these 
forces are often accentuated by the necessity of providing at the same 
time as hot a bath and as cool a container as are consistent with 
fuel economy. 


EVOLUTION IN THE USE oF REFRACTORIES 


Clay Brick.—Fireclay and clay refractories had to yield wherever they 
were in contact with slags rich in basic oxides, first because of the com- 
bining power of those oxides with free silica and secondly because of the 
tendency of alumina to form either aluminates or alumina-silicates of 
varying complexity. Of no less importance, the incipient fusion point 
was low as compared with good clay brick of today, while the brick lacked 
strength at high temperatures. Expansion was slight, therefore it was 
difficult to make and maintain tight walls, roof, or bottom. 

However, the spalling tendency was low because of some of these 
properties and clay brick have retained their place in roasting furnaces, 
boiler furnace linings, and in the upper walls of some of the reverberatory 
types such as some refining, anode and wire-bar furnaces. They have 
served often and most efficiently for hot patching. 


* District Sales Manager, Harbison-Walker Refractories Co. 
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It is interesting to note early attempts to substitute natural stones, 
composed principally of the oxides, lime, silica and magnesia. 

Silica Brick.—Silica brick, the distinctly acid refractory, has found 
wide and varying use, primarily because of its strength at high tempera- 
tures and its relatively high temperature of incipient fusion, which 
retards inter-reaction even with basic slags. The development of the 
ore-melting reverberatory furnace with sprung arches up to 30-ft. span 
was possible at the time, only because of the strength of silica brick 
and the careful provision for its expansion characteristics by furnace 
designers and operators. The pronounced expansion of silica brick at 
moderate temperatures, i. e., up to about 1200° F., is rather an advantage 
in securing tight joints, but makes necessary careful heating and cooling 
through this critical range, to avoid spalling. 

The constancy of volume above 1200° F. permits rapid temperature 
changes above that temperature without damage. Well burned silica 
brick tend to develop a negligible volume growth due to crystalline 
inversions and are totally free from shrinkage at all temperatures up to 
their softening point. These combined properties, together with the 
fact that an equilibrium is attained in the reaction between silica and 
cuprous oxide to form cuprous silicate, allow silica to remain in 
the bottoms of cathode-melting and refining furnaces, despite fre- 
quent emptying. 

Chrome Brick.—Chrome refractories find a more limited use. Brick 
made of well selected chromites, in which much of the iron is replaced by 
alumina and magnesia, approach the neutral state as regards the average 
slag and are indeed inert to the corrosion of mattes and molten metal. 
However, the vesicular bond between grains of the brick seems to be 
dissolved by reverberatory slags or melting-furnace dusts, especially in 
the presence of reducing atmospheres. Again, despite efficient. efforts 
to reduce their porosity, chrome brick tend to absorb molten matte 
and metal, the eventual recovery of which from used brick is difficult. 
On the other hand, chrome brick resist the attack of certain slags better 
than any other known refractory. Such slags were more frequently 
encountered in days gone by, and there are those of long experience who 
would testify to the invaluable service rendered by chrome brick. 

Magnesite Refractories possess the advantage of chemical suitability in 
contact with slags or fused furnace dusts rich in the metallic oxides 
common to copper metallurgy of today. Their high melting point, high 
thermal conductivity, and strength at all temperatures below their 
softening point, together with marked improvements in their manufac- 
ture, have allowed them to find increasing use, replacing silica brick 
wherever the refractory is in contact with liquid slags, matte, oxides, or 
metallic copper, not in a state of comparative rest. The thermal expan- 
sion of magnesite refractories and consequent spalling tendency are 


contributions to the industry. 

The average converter necessarily operates during the blow through a 
temperature range embracing the steepest portion of the magnesite 
expansion curve. Remarkable betterments of service have attended 
every positive effort toward reasonable preheating or in maintaining 
reasonably uniform temperatures during waiting periods. Regardless 
of these facts, the traditional spalling tendency of magnesite brick had 
confined their use in other furnaces to those portions of side walls at 
and below the slag line or metal line where the tempering effect of the 
bath shielded them from rapid temperature change. Recent tendency 
is breaking through this traditional barrier. The lining of the holding 
or anode furnace contains silica, if at all, only in the cap. Kuzell? 
describes the new furnaces at Phelps Dodge Corporation’s Calumet and 
Arizona plant at Douglas, Ariz., where the linings, completely of magne- 
site, have not needed replacement during the year. 

In the ore-melting reverberatory, magnesite brick at first appeared 
timidly above the slag line in bridge walls, in side walls of the hot end, 
in uptakes, and around charge holes. In the last few years they form roof 
sections 30 to 50 ft. long and 4 to 5 ft. wide surrounding the charge-hole 
areas, replacing silica brick because of their markedly superior resistance 
to the fluxing action of furnace dusts. Likewise, in the refining furnace 
and in the cathode-melting furnace, magnesite has replaced silica brick 
in the walls above the metal line to the skews, completely in a number 
of plants and in others except opposite charging doors. The avidity with 
which cuprous oxide* dusts unite with silica to form cuprous silicates, as 
compared to the inertness of magnesite, prompts some operators seriously 
to consider magnesite brick for at least a portion of the crown. 

Metalkase Brick.—Twenty years ago it was recognized that one might 
avail himself of the tensile strength of steel to minimize the effects of 
spalling. Dead-burned magnesite, provided with a chemical bond, was 
pressed into steel jackets of either circular or rectangular cross-section. 
When exposed to high furnace temperatures, the steel burns and melts 


11. A. Keller: Trans. A.I.M.E. (1913) 46, 474. 

2C. R. Kuzell: Part Time Operation Brings Problems to Smelters. Min. & Met. 
(1933) 14, 45-48. 

30. H. Hoffman and C. R. Hayward: Metallurgy of Copper, 56-57. New York, 
1924. McGraw-Hill Publishing Co. 
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at the surface and is absorbed into the pores of the refractory, making a 

monolithic surface, while enough heat is lost by radiation to preserve 
the strength a few inches back from the exposed face and prevent rupture 
4 due to thermal shock. These brick have provided a basic lining of low 
spalling tendency and have rendered a most valuable service. 

In the copper industry, Metalkase brick have served best along the 
converter tuyere line. It is necessary to make the brick according to 
tuyere spacing. The space between tuyere pipes and the adjacent 
Metalkase is rammed solid with Thermolith, an air-setting, neutral 
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THERMOLITH METALKASE MAGNESITE STRAIGHTS 
Fie. 1.—MeEtruHop oF UsING METALKASE MAGNESITE BRICK AROUND TUYERES. 


high-temperature cement. When adequate allowance is made for 
expansion of the surrounding magnesite, a tight, nonspalling tuyere line is 
provided. Records of long tuyere-section life have been afforded by this 
construction, illustrated in Fig. 1. 

Partial advantage of Metalkase construction has been secured by the 
use of steel strips placed between magnesite brick. Best results are 
obtained by using thin sheets (14 to 16 gage) along both horizontal and 
vertical joints of walls or along both longitudinal and lateral joints of 
roofs. The fusion of the steel at the surface causes some adhesion, while 
the remainder is protected from fusion by radiation and from oxidation 
by the coverage of the magnesite refractory. 


Magnesite the Last Step in Evolution 


Summarizing the evolution in the choice of refractories, one finds a 
general replacement of clay brick by silica or siliceous mixtures in the 
majority of smelting furnaces, with a later replacement of silica brick by 
magnesite wherever the refractory is in contact with molten slag, matte, or 
metal not in a state of comparative rest, and lately in areas of severe 
dust attack. 

The primary influences prompting these changes are the combining 
power of basic oxides with available silica, and the ever-increasing tem- 
peratures employed. Back of these primary causes is the contributory 
influence of ore dressing. In its evolution from hand-sorting, jigging, 
table concentration and flotation, it has presented a smelter charge in 
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successively finer states of division and higher degrees of concentration. 
The effect was checked by sintering so long as available sulfur remained. 

The operator of the average smelter is keenly conscious of a decreasing 
ratio of sulfur to copper in his charge. The roaster, when used at all, 
serves as a drier, or, at most, barely to ‘“‘crack” the charge. As a con- 
sequence, an increased proportion of the total work is being placed on the 
reverberatory furnace. Since it appears that heat is transmitted to the 
charge in a reverberatory furnace primarily by radiation, and since the rate 
of transfer varies with the fourth power of the absolute temperature, 
the tendency is to push temperatures, especially in the ore-melting 
furnaces, as high as is economically possible. 

With the combination successively of finer grind, more basic charge, 
and higher temperatures, the critical temperature-slag limit of silica 
brick is soon passed in the smelting end of the reverberatory. Oldright 
and Schroeder‘ note that the maximum practical temperature at which 
the furnace may be operated is determined by the point at which the 
silicates made by dust in contact with silica brick become easily fusible. 
This temperature was determined for one furnace at 2600° F. It becomes 
apparent, then, that a refractory better suited to the particular service 
than silica brick is required for the roofs over the hot end of an ore-melting 
reverberatory, especially. 

Trials of high-melting-point refractories indicate none of more promise 
than magnesite. In a test conducted at the El Paso plant of the Ameri- 
can Smelting & Refining Co. at and above the slag line, high-alumina 
brick were the first to fail when tested in panels along with chrome brick, 
first-quality fireclay brick, magnesite brick and silica brick. Petro- 
graphic examination® of the fused surface disclosed the reason to be the 
formation of complex aluminum silicates with the constituents of the 
furnace dust. Silicon carbide brick, while a splendid refractory in 
many services, failed in a similar panel test at Tacoma, owing to the 
fluxing action of basic oxides of the furnace dust. Brick made in Harbi- 
son-Walker Refractories Company’s laboratories, containing high 
percentages of mullite, while showing remarkable strength at high 
temperatures, failed to resist the fluxing action as well as did first-quality 
fireclay brick. 


MAGNESITE IN SUSPENDED Roor ConstTRUCTION : 


Turning now to the trend of development of reverberatory furnaces, 
one notes a tendency toward greater widths, with decreasing lengths. 
While this tendency may be checked by the effect of higher ratios of 
concentration, leaving less tonnage to be smelted, still, the economies 


*G. L, Oldright and F. W. Schroeder: Suggested Improvements for Smelting Cop- 
per in Reverberatory Furnace. Trans. A.I.M.E. (1928) 76, 461. 
°R. D. McLellan, Perth Amboy, N. J.: Private communication. 
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incident to dividing larger tonnages into rather constant furnace losses 
remain in any plant operating more than one furnace. This fact, 
coupled with recent interest in suspended roofs, focused inquiry upon the 
possibility of using magnesite brick in this type of construction. 

Almost nothing was known regarding the behavior of magnesite 
brick in suspended construction; the time required for safe heating and 
cooling; limiting temperatures at which hot patching could be attempted; 
the effects of relatively high thermal conductivity on hangers; probable 
heat losses; or the possibilities of insulation. In order to secure needed 
data, an experiment was conducted at the plant of Harbison-Walker 
Refractories Co. at Hays, Pa. Early in 1931, an experimental furnace, 
Fig. 2, was provided with a flat, suspended magnesite brick arch, made 
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Zs a SUSPENDED FLAT ARCH. 


in two sections, one of 20-in. and the other of 15-in. length brick. Each 
section was 5 ft. 10 in. long by 5 ft. 714 in. wide, and contained 30 hangers 
of 10 bricks each, making a total of 600 pieces. 

Temperatures were taken at 12 points, divided into three groups of 
four (all approximately on the center line of the furnace). Two groups 
were located in the 20-in. section and one in the 15-in. section. Hach 
single group consisted of four platinum, platinum-rhodium couples, one 
projecting through the brick 2 in. into the furnace, the others embedded 
in the brick and extending to within 1 in., 3 in. and 5 in. of the under or 
exposed face of the brick. The central group of thermocouples was 
connected to a recording pyrometer. Temperatures at other points were 
determined at hourly intervals. The central thermocouple projecting 
into the furnace was used for control. 
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The furnace was fired with natural gas, of 1000 B.t.u. per cubic foot, 
fed through one No. 2 and two No. 7 Maxon-Premix blowers. Each No. 
7 blower was fitted with two 5-in. burners. The No. 2 blower was fitted 
with two 2-in. burners, installed immediately under the two central 5-in. 
burners. The No. 2 blower was used in initial heating to temperatures 
slightly above the minimum range of one No. 7 blower. ey 

The test was divided into four runs. During each of these the 
furnace temperature was raised, held somewhat beyond the time neces- 
sary to reach equilibrium, and lowered. The time of heating and cooling 
was shortened successively in order to subject the roof to thermal shock 
of increasing severity, until some damage should result. The measure 
of these cycles and time necessary to reach equilibrium after maximum 
temperature was attained is shown in Table 1. After completion of each 
run, the furnace was entered, each roof brick carefully examined, and 
photographs taken. 


TaBLE 1.—Measure of Cycles and Time for Reaching Equilibrium . 


Temperature Inside Furnace Raised 
Run 
No. 


Equilib- Held at Temperature Lowered 


rium Maximum |———————————_—__| Spalling 
Reached in for 


To During 


From | To | During 


Atmos- | 2700° F.|58 hr.| 16hr. | 100 hr. | Atmos-|58 hr.| None 


pheric pheric 

Atmos- |2700° F.| 25 hr.| 13 hr. 30 hr. | Atmos- |25 hr.| None 
pheric pheric 

Atmos- | 2700° F.| 1214 hr.| 16 hr. 90 hr. | Atmos- | 124% hr.| None 
pheric pheric 

Atmos- | 2700 °F.| 10 hr. 16 hr. |2000° F.| 3  hr.| None 
pheric 

2000° F.|2850° F.| 5 hr. ; 30 hr. | No drop 1}4 in. at 

2850° F. 
2850° F.|3000° F.| 3 hr. 8 hr. |2800° F.| Patch |1% in. at 


3 hr. | After patching 3000° F. 


Spalling.—There was no spalling or cracking observable upon com- 
pletion of the third run. Fig. 3 reproduces photograph then taken. 
The brick had been heated to 2700° F., cooled to room temperature three 
times, and exposed to 2700° F. for a total of 220 hours. During run 4A 
no spalling was observable from furnace doors. When spalling began, 
during runs 4B and 4C as temperature approached 2850° F., it was appar- 
ent from furnace doors. It is worthy of note that no spalling whatever 
appeared during the first three runs, or during the fourth run until after 
a temperature of 2850° F. had beenreached. Itappears probable that this 
spalling, in a measure, was due to the development of horizontal planes of 
weakness caused by shrinkage of the hot ends of the brick, by lateral 
pressure or by both. The fact that not any spalling occurred during 
run 4A, in which the roof was raised from cold to 2700° F. in 10 hr., 
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or at the rate of about 260° F. per hour, should be interpreted with 
caution, since this, based upon experience, is considered a rapid rate of 
heating for magnesite brick. 

Insertion of Cold Shapes in Hot Roof.—During run 4A and 10 hr. after 
2700° F. had been reached, gas and air were shut off for 4 min. while two 


Fig. 3.—TEsT ROOF AFTER THIRD RUN. 


magnesite shapes were withdrawn from the roof and replaced by new 
cold shapes. The old brick were sound and no spalling of the new shapes 
was observed. Again, at the end of this run, when furnace temperature 
had been lowered to 2000° F., a second pair of roof shapes was replaced by 
new cold shapes. Again no spalling was evident. It is felt these tests 
also must be interpreted with caution. Owing to the position of the 
superstructure of the test arch, no larger patch could be attempted. 
Furnace-door Spalling Test.—During the heating period of run 4A, a 
spalling test was conducted by placing in the door of the furnace six 
sets of three each of the 20-in. magnesite roof shapes, at temperature 
intervals of 300° F. On the heating schedule, 1 hr. 15 min. was required 
for each interval, hence the set put into the furnace at 2700° F. was also 
heated for that period. After heating, each set of shapes was removed 
and allowed to cool in the air, and the next set inserted. The brick put 
in at 1200° F. and raised to 1500°, in at 1500° F. and raised to 1800°, and 
in at 1800° F. and raised to 2100° showed no spalling or cracking. Those 
heated from 2100° to 2400° F. all showed end cracks, and one lost a small 
corner. The set heated from 2400° to 2700° F. developed end cracks and 
two of them spalled. The last set, heated at 2700° F. for 114 hr., all 
spalled and developed end cracks. This cracking occurred when brick 
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- were placed in the furnace. Apparently rapid cooling in air had no 


noticeable effect. The total loss of weight by spalling of the last three 

sets was 0.2 per cent, 1.2 per cent and 3.2 per cent, respectively. 9 
Thermal Expansion.—The over-all expansion after reaching equilib- 

rium at 2700° F. was 0.78 in. for the top of the arch and 1.00 in. for the 


TEMPERATURE - DEGREES F 
3 
F = 


EXTERIOR FACE 
20" SECTION 


DISTANCE FROM HOT FACE OF BRICK- INCHES 
Fic, 4.—TEMPERATURE GRADIENT THROUGH BRICK AT EQUILIBRIUM AT FURNACE 
TEMPERATURE OF 2700° F. (AVERAGE oF 25 HOURS AT EQUILIBRIUM). 


bottom, this corresponding to 0.069 in. per foot at the top and 0.089 in. 
per Soi at the bottom. Since calculated expansion for a solid block 
arch of the same size would be considerably more, it may be assumed that 
joints, 40 in all, each took up approximately 14¢ in. of the actual expansion. 

Shrinkage. olad the end of the third run, four hangers holding 40 
bricks were removed from the center row of the 15-in. section, being the 
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second, sixth, ninth and tenth from the front of the section. All bricks 
were carefully examined and found to be free from cracks or spalls. 
These bricks had been heated to 2700° F. and cooled three times, and had 
been held at 2700° F. for a total of 220 hr. They were carefully measured 
for shrinkage. The average measurements are: length, 14.97 in.; width at 
top, 4.52 in.; width at bottom, 4.44 in.; thickness at top, 3.56 in.; thick- 
ness at bottom, 3.47 in. 

Comparison with Silica Brick.—Prior to the fourth run, two hangers, 
each holding ten bricks, were removed from a central position at the stack 
end of the 15-in. section, and replaced by silica bricks of identical shape. 
A parting joint of Thermolith, a chrome-base air-setting high-temperature 
cement, was used between the silica and magnesite shapes. This section 
remained in place during runs 4A, 4B and 4C. 

Temperature Gradient.—In Fig. 4 are plotted the measured tempera- 
tures through each thickness of roof shapes. Heat losses through the 
roof and side walls of a reverberatory furnace, constructed of whatever 
refractory, are obviously small compared with losses through the stack 
and the setting and in the slag, matte, or metal tapped. This seems 
substantiated by the report of one operator, that upon substituting 
magnesite for silica in approximately 30 per cent of the roof over the hot. 
end of an ore-melting reverberatory furnace, no change in fuel ratio 
was apparent. ‘ 


MAGNESITE BRICK IN SPRUNG ARCHES 


If one becomes convinced of the chemical suitability of magnesite 
and concludes he can operate his furnace so as to avoid spalling, he may 
yet hesitate to substitute magnesite for silica throughout sprung arches 
of large span because of the increase in weight of the arch. Calculations 
of skewback pressures, even for cold arches, cannot be accurate, since 
they depend upon two fundamental hypotheses, which may be consider- 
ably in error. However, following through the calculations, one observes 
that however indeterminate the stress distribution may be, the compres- 
sive stress at the skew remains a vector quantity depending upon the 
weight of the roof. For an arch of given dimension, this relation must 
be linear. Consequently, the compressive stresses in arches of silica 
and magnesite would be in the ratio of their respective weights, approxi- 
mately 6 to 10. Combinations of silica and magnesite, such as have 
been used, would involve stresses in proportion to relative combined 
weights. Such calculations may assist the furnace operator to judge 
whether increased loading, due to substitution of magnesite brick, would 
exceed the safety factor provided in his furnace design. ‘Thus, calcula- 
tion of cold arch stresses figured for a sprung arch 18 in. thick over a 23-ft. 
9-in. span with a 2-ft. 511/¢-in. rise gave skewback pressure as follows: 


6 W. Trinks: Industrial Furnace, 1, 194-198. New York. John Wiley & Sons. 
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(A), Archi of all.silica.briek. stn tvs}. aah ae) Ae ee ... 21.41b. persq. in. 


(B) Arch of magnesite brick 4 ft. out from each skew, central por- AI 
tion Of SICA... 0f. ¢0.9s +. 40.02 eer ee ee eee 25.9 lb. per sq. in. - 
(C) Arch of allimapnesite bricks... «cn tee ee 35.7 lb. per sq. in. 


During operation with roof B, buckstay pressures were raised to a 
: point that, in the opinion of the operators, undoubtedly would have 
carried an all magnesite roof without any sign of crushing. 

At another plant, where magnesite brick of not a hard burn was used 
in a similar construction, the magnesite section spalled with measurable 
shrinkage until only 4 in. of thickness remained. Yet this thin section 
supported the silica section which, at the center, was all of 10 in. thick. 
The pressure per unit of area at the skews was considerably more than 
that resulting from an all-magnesite sprung arch of uniform thickness. 
Evidences of this sort indicate that magnesite brick will carry their own 
weight over spans at present used, provided one face of the refractory is 
cooled by radiation to air. 

In this connection, relative crushing strengths are of interest. Unfor- 
tunately, such tests as have been made have subjected the refractory to 
soaking heats, a condition met in practice usually in the bottoms only. 
Nesbitt and Bell’ give the average of 10 tests each on clay and silica brick 
as shown in Table 2. The data in Table 3 were compiled from our own 
records of standard A.S.T.M. load tests made under soaking heats and 
loads of 25 Ib. per square inch. 


TABLE 2.—Crushing Strengths of Clay and Silica Brick (Nesbitt and Bell) 


Crushing Strength, Load Required to Cause First 


Lb. per Sq. In. Deformation, Lb. per Sq. In. 
Refractory 
30° C. | 1000° C.} 1350° C. 1000° C. 1350° C. 
86° F. | 1832° F, | 2462° F, 1832° F, 2462° F, 
Clay VAT ana neater an aces chr eel GO San aS 1289 1458 576 
Clay Bie hes Oa ie 1743 | 4258 948 | No deformation | 669 
before fracture 
Sling, Case cai ceca: Cae ee 3965 | 2148 1831 | No deformation before 
fracture 
Silies: Deiw..miuen ieee ee 1700 1587 850 | No deformation before 
fracture 


———— ee a | i Sree ee 


Since neither hard-burned magnesite nor silica brick show deformation 
before failure, but the cold strength of magnesite averages considerably 
above that of silica and the steep temperature gradient through the 
average roof allows such a large portion of the arch thickness to retain its 
“cold” strength, it seems reasonable that magnesite should possess 
adequate strength to carry its own weight. The real concern then centers 


7 Proc. Amer. Soc. Test. Met. (1918), 
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in the consideration of over-all expansion and whether an all-magnesite 
roof over large spans may be brought up to temperature without buckling. 
This is a subject upon which one would wish to proceed with caution, 
being sure to provide a sufficient thickness in relation to span. At one 
plant where a 9-in. magnesite roof of comparatively moderate span 
buckled, a 1314-in. roof subsequently installed gave no trouble whatever. 


TaBLE 3.—Crushing Strengths of Various Types of Brick 


Deformation under Load 
of 25 Lb. per Sq. In., Per Temperature 
Cold Crushing Cent ; at Which Brick 
Refractory Strength, Lb. Fail under 
per Sq. In. 25 Lb. 
1350° C. 1450° C. Loadings 
2462° F. 2642° F. 
First-quality clay brick (medium to 
SEG UTE) Ae ec toe cere Gare 900-2000 4-7 10-20 
First-quality clay brick (hard burn) .| 1200-2500 2-6 7-20 
50 per cent alumina (diaspore)..... 1500-2500 1-2 6-8 
60 per cent alumina (diaspore)..... 2100-2800 0-1 4-6 
70 per cent alumina (diaspore)..... 4000-5500 0-0.7 3-4 
60 per cent alumina (cryst. Al2O;)..| 5000-7000 | Negligible} 1.5-3 
Diligapbricktd. «face a coccnes 1200-2500 3 6 2900° F. 
Magnesite (regular).......:....... 2500-6500 b U 2500° F. to 
2600° F. 


2 Heating schedule standard A.S.T.M. load test to 1350° G., then 100° C. per 
hour until failure. 
> Silica and magnesite brick usually fail abruptly without previous deformation. 


That the subject is being approached with caution is indicated by the 
gradual replacement of silica by magnesite in a number of reverberatory 
roofs. From a beginning, consisting of a trial of a few brick immediately 
surrounding the charge holes, experimentation has widened the replace- 
ment until magnesite sections 20 courses out from each skew and covering 
the length of the smelting zone are now being tried. So far, fluxing of 
the central section, built of silica brick, has terminated the roof life, how- 
ever far from the charging zone that section has been removed. 


VARIATIONS IN TyprEs oF Brick 


Good unburned magnesite brick are being made with a chemical bond. 
The ground mixture with dead-burned magnesite is sized, pressed and 
dried. Obviously it is impossible to force together grains of a material 
like magnesite so closely that further union may not occur on sintering. 
Whether heat be from intentional firing in the kiln or from exposure to 
service conditions, shrinkage on firing occurs. If this shrinkage be non- 
uniform, as is unavoidable except under kiln-firing conditions, strains are 
set up, which cause what is known as ‘“‘shrinkage spalling.” This strain 
occurs in any refractory having an appreciable expansion characteristic 
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when subject to nonuniform shrinkage at high temperatures. It is the 
primary cause of spalling more often than is commonly realized. 

Unfortunately, there is available no ready method of measuring the 
precise effect of furnace temperatures on this type of brick because of the - 
temperature gradients almost always present in practice. It may be 
assumed, however, that the chemical bond is gradually replaced by a 
sintered bond, extending from the hot face outward a distance inversely 
proportional to the slope of the temperature gradient. 

Fig. 5 shows the effects of reheating on the modulus of rupture of 
typical chemically bonded brick. Hard-burned magnesite brick do not 
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PERCENTAGE OF ORIGINAL MODULUS OF RUPTURE 


Fic. 5.—EFrrrecT OF REHEATING ON MODULUS OF RUPTURE OF TYPICAL UNBURNED 
MAGNESITE BRICK AT ATMOSPHERIC TEMPERATURE. 
lose their strength when reheated at these temperatures but rather tend 
to become stronger. The curve suggests a progressive weakening from 
the beginning of breakdown of the chemical bond until sintering begins. 
If the refractory may be so used as to guard against the adverse effects 
of this yet unavoidable property and such shrinkage as is corollary, good 
service may be secured. The advantages of the refractory are found in 
lower first cost and a lower spalling tendency when subjected to thermal 
shock before sintering begins. The utility of the unburned magnesite 
brick often is enhanced by the use of steel sheets in the joints, the function 
of the steel being the same as in the Metalkase magnesite brick. The | 
additional cost of the steel is well warranted in many applications. 
Low-iron Magnesite.—For the past 16 or 18 years, a magnesite brick, 
the iron content of which is appreciably below the 4 to 5 per cent Fe.0; 
of regular magnesite brick, has been manufactured on a limited scale and 
for a limited use. Not until the causes of deterioration of regular magne- 
site brick were more clearly understood did the probability that this 
refractory might render a better service anywhere in the copper industry 
become suspected. Not until manufacturing difficulties were markedly 
reduced was the cost of the refractory brought within commercial limits. 
Laboratory tests and some actual service records would indicate this 
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newer type of brick to possess some decided advantages in a number of 
the various applications to the copper industry. 

Power-pressed Silica Brick.—Efforts to improve silica brick from a 
chemical standpoint have yielded little. The migration of lime described 
by Oldright and Schroeder® had been noted in the open-hearth roof, where 
the added effect of copper oxides was not involved. Whether that 
migration is due to the lower specific gravity of the calcium glass as 
compared to ferrous silicate; to a greater liquidity under given tempera- 
ture-pressure conditions, permitting further absorption by capillarity, 
or to immiscibility between the two glasses, is not known. 

The system FeO.SiO2 has been studied.» Much work has been done 
on the various lime-alumina-silica mixtures, with or without iron. !° 

‘Silica brick when cold normally contain about 10 per cent of glass. 
At high temperatures, the amount of liquid phase will vary with the 
percentage of iron present; up to 40 per cent FeO lowers the melting 
point of FeO.SiO, mixtures only 24° C. but the amount of glass increases 
rapidly. (Additional silica is carried into the glass phase by absorption 
of lime and alumina from furnace dusts.) So long as the brick may 
receive the bases from the furnace dusts, glasses will be formed from 
their fusion and will penetrate the brick so far as the temperature 
gradient and porosity of the brick will permit. 

The porosity of normal silica brick averages about 25 to 28 per cent 
and even higher. A method has been found which allows the heavy 
power press to be used in the forming of a considerable variety of silica 
shapes. As a result, the porosity of the finished product is lowered 
appreciably. A more pronounced gain was made in workmanship. Asa 
result of power pressing and improved methods of firing, dimensions of the 
finished brick are considerably more uniform. Warped surfaces virtually 
have been eliminated. As a result, considerably better life is being 
received from silica roofs wherever the severity of service is not subject to 
constant increase. 


OTHER REFRACTORIES 


Acidproof Brick.—Acidproof brick have been used for years in the 
linings and packing of acid towers, the linings of acid-cooling and storage 
tanks, and as insulators between electrolytic tanks and their supports. 
More recently, some thought has been given to the reduction of electric 
current leaks above the tanks used for electrolytic refining of copper. 


8 Reference of footnote 4. 
9 Bowen and Schairer: Amer. Jnl. Sci. (Sept., 1982). C. H. Herty, Jr. and G. R. 


Fitterer: Ind. & Eng. Chem. (1929) 2, 51-57. a 
10 For a rather complete reference, see F. P. Hall and Herbert Insley: A Compilation 


of Phase-Rule Diagrams of Interest to the Ceramist and Silicate Technologist. Jn. 
Amer. Cer. Soc. (1933) 16, 538-540. 
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Capping boards commonly used on tank walls become saturated — 7 
electrolyte, the conductivity of which is high. 

Duro acidproof 9 by 414 by 11-in. brick were tested by being soaked 
for three days in electrolyte, washed and dried. They were then placed 
between two copper sheets attached to Megger terminals, and loaded to 
20 lb. to secure contact. Average resistance at full Megger pressure of 
approximately 500 volts was about 100,000 ohms. The brick were then 
supported at each end. A piece of 1-in. square iron was placed on top of 
each brick at the center and loaded with 1000 Ib. of piglead. The brick 
did not break under this load and were judged suitable for replacement of 
capping boards, when made to exact. dimensions required. 

High-temperature Cements.—The development of better materials for 
bonding brickwork has added considerably to furnace life. Cements 
may be selected so as to prevent inter-reaction with the brick they join 
and are not dependent upon high temperatures for their initial set. 
Not a little has been added to the life of converter brick by the use of 
such a cement, especially at and near the tuyere line, where effects of 
abrasion are severe. 

In construction of roster hearths it has been possible practically to 
exclude the infiltration of calcine into the brick joints by causing a good 
strong cement to bridge the joint. Air leakage is considerably reduced 
by the judicious use of suitable cements. 


— 


Looxinac FoRWARD 


The copper industry will not halt its constant march toward higher 
efficiency. In looking forward to the changes that march will prompt, 
one engaged in the refractory business cannot avoid the consciousness 
of the need ever to better his products, to meet the demands of ever- 
increasing severity of service on the one hand and the insistent demands of 
economy on the other. Unfortunately, these commands are voiced in 
opposite tongue and compromises too often may be necessary. 

The limits of known available raw materials seem almost reached. 
Insight into the causes of failure is clouded primarily by a lack of certain 
knowledge of the complex chemistry of thermal solution and secondarily 
by the fact that one may critically examine the effect only in its cold state. 
Too often crystallizations and separations on cooling disguise the true 
story and return a false answer. However, the laborious and patient 
work of those devoted to research along lines involving thermal solution 
has contributed much to the understanding of fundamentals and may 
shed much light on many phases of the subject about which little is 
known now. 

The patience and forebearance of those who use refractories and their 
cooperation in testing and diagnosing the causes of the many destructive 
forces is of the utmost help. 


era 
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SUMMARY 


1. The trend in the choice of refractories has been toward the more 
basic types as smelter feed has become more highly concentrated. 

2. Fine grinding incident to flotation, and higher temperatures 
necessary to lower costs have imposed successively harder conditions, 
especially in the ore-melting reverberatory. 

3. The tendency to increase furnace widths and temperature of 
firing makes almost imperative the selection of a refractory better suited 
to the service than is the commonly used silica brick. 

4. Of known refractories, magnesite brick seem to possess the most 


. desirable properties. Their high expansion characteristic, weight and cost 


have prompted careful increases in the proportion of magnesite sub- 
stituted for silica in sprung arches of large span. 

5. Nothing was known of the behavior of magnesite brick in sus- 
pended construction. Such a roof was provided over an experimental 
furnace and data gathered regarding the following points: period of safe 
heating and cooling; temperatures at which cold shapes could safely be 
installed; temperature gradient through brick; probable heat losses 
through the roof; over-all expansion; the effect of commonly used expan- 
sion joints and some information on the probable causes of spalling. 

6. The probability of magnesite brick serving as a complete sprung 
arch over wide spans is considered in the light of such data as are avail- 
able. Ideas as to the strength of magnesite brick at high temperatures 
may have been clouded by the results of tests under soaking heat condi- 
tions without due consideration of the mechanical strength of the refrac- 
tory as actually used in practice, where a rather steep temperature 
gradient is had except in bottoms. 

7. New types of magnesite brick have been evolved. One is a 
hard-burned low-iron brick now in the process of commercial testing. 
The other is a chemically bonded brick, the chief advantage of which is a 
lower cost. 

8. The insulating value of acidproof brick is being utilized in 
the refinery. 

9. High-temperature cements have helped in overcoming the 
difficulties experienced formerly with clays. 

10. Silica brick have been improved by adapting to them the power- 
press method of manufacture. The gain is principally in workmanship. 


Refractories 


By R. P. Hevupr,* PHILADELPHIA, Pa. 


In recent years an increasing amount of research work has been done 
on refractory materials for use in copper-smelting furnaces. A few of the 
larger refractories manufacturers have erected special research labora- 
tories which are fully equipped to study the refractory problems of the 
smelter. A typical laboratory of this type was described in the January, 
1929, issue of Mininc AnD METALLURGY, in an article entitled ‘‘ Methods 
of Research Newly Applied to Refractories,” by W. F. Boericke. This 
particular laboratory is equipped for the manufacture of full-size refrac- 
tory brick. It aims to study on a fairly large scale the behavior of 
various refractory raw materials and the effect of improved methods 
of manufacture. 

The refractories manufacturer has at his disposal the naturally 
occurring refractory oxides in various degrees of purity, mixed or com- 
bined with other oxides. In order to supply the copper smelter with a 
refractory brick that will permit the most economical operation of the 
smelting furnaces, it is necessary to have the optimum combination of a 
number of both physical and chemical properties in the brick. Unfor- 
tunately, nature has not provided any raw materials in which the perfect 
combination of these properties exists. It is, therefore, a problem for 
man’s ingenuity to seek out the most desirable raw materials and develop 
methods of manufacture that give, in the resultant product, the necessary 
combination of properties in as full a measure as is possible. 

In the laboratory it is possible to carry out fairly broad experiments 
with this objective. It is first necessary to obtain and process the raw 
materials, then to manufacture them into brick and finally, to test these 
bricks under conditions designed to interpret or simulate in the laboratory 
the actual conditions in the smelting furnace. It is necessary for the 
research engineers to determine certain fundamental properties in the 
brick which may be subjected to laboratory measurements and to inter- 
pret these measurements in terms of brick performance in smelting-plant 
practice. Such procedure is not what might be called an exact, scientific 
one but it has been found that great progress can be made when these 
principles are applied. For example, the resistance of refractory brick 
to spalling and thermal change can be related to the thermal expansion 
of the refractory, its thermal conductivity and heat capacity and its 

* Director of Research, General Refractories Co. 
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resilience as measured by the ratio of modulus of elasticity to modulus of 
rupture. The resistance of refractory to slag attack can be gaged to 
some extent by the melting point-of the refractory, its porosity, its 
chemical and physical behavior with slags with which it comes in contact. 
Its chemical and physical behavior can be further studied by petrographic 
examination of brick samples that have been exposed to such slags. 

Recent developments in the manufacture and application of new 
magnesite refractories to copper-smelting furnaces are a typical illustra- 
tion of the results obtainable in this type of research. In the December, 
1931, issue of Mintne anp Metauuurey A. E. Fitzgerald described 
“New Developments in Unburned Magnesite Brick for the Metallurgical 
Industry.” In this article a new principle for the manufacture of 
magnesite brick was described. Bricks so produced were found to be 
much cheaper to manufacture and at the same time had improved 
resistance to spalling and the other destructive forces that prevail in 
many metallurgical furnaces. The developers of the brick felt that with 
the new brick they could accomplish two purposes: (1) because it was a 
cheaper brick, it could be substituted for the more expensive magnesite 
refractory, which theretofore had been manufactured; (2) because it had 
more desirable properties than the older type of magnesite brick, it could 
be used in places where the older brick had failed because of certain 
deficiencies in its physical characteristics. 

Practical developments since the appearance of the new brick in 1931 
have shown that it could be substituted for the older and more expensive 
brick in almost all places. The new brick could also be used in many 
places where the older brick failed. As an illustration of new uses for the 
unburned magnesite brick may be cited the construction of a magnesite 
suspended roof for the smelting reverberatory of the Hudson Bay 
Mining & Smelting Co., Flin Flon, Manitoba, Canada. Before the 
installation of the unburned magnesite brick the average life of a silica- 
brick roof in the hottest section was 54 days. The frequent repairs, 
necessitating loss of production, extra expense for coal and labor for firing 
waste-heat boilers, etc., were both inconvenient and costly. The instal- 
lation of a roof that would allow higher operating temperatures, last 
longer and provide for a larger daily melting capacity seemed very desira- 
ble. The silica brick was unable to stand the corrosive action of the 
dusts with which they came in contact in this furnace roof. It was 
recognized that the magnesite roof would be more refractory, and more 
resistant to the corrosion of these dusts than silica. 

The important thing in the magnesite roof was to get a brick and a 
type of roof construction that would not spall or fail under the mechanical 
forces set up in such a large roof span. A mechanically suspended roof 
for a section 27 ft. long in the hottest zone of the furnace and extending 
the full width of the furnace (2114 ft.) was constructed. On the first 
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campaign this roof section ran 259 days. It became necessary to shut 
down the furnace, not because of the failure in the unburned magnesite 
section but because the silica in a cooler section of the roof had been worn 


Fig. 1.—ConDITION OF MAGNESITE SUSPENDED ROOF IN REVERBERATORY OF Hupson 
Bay Minine & Smevtine Co. at Fun FLon, MANITOBA, AFTER REPAIR. 


through. This silica section was replaced by more unburned magnesite 
brick and the total area of unburned magnesite in the roof then became 
2114 by 51 ft. Fig. 1 shows the condition of the roof after the repair. 
In the foreground is the unburned magnesite that has been through the 
259-day campaign. In the background can be seen the newer installation 
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Repairing a Large Smelter Chimney Injured by Spalling 
By Joun E. Lannina,* CuarKDALE, ARIZONA 


During the last decade, since most smelters have included Cottrell 
plants as standard equipment for the removal of dust from furnace 
gases, it has become apparent that smeltermen have had a new problem 
slowly developing. This problem has manifested itself in accelerated 
destruction of, or serious injury to, the masonry of flues and chimneys. 
The masonry either spalls, if the material is of low strength, or acquires 
large major cracks, either of which conditions attains such proportions 
that renewals or reinforcing become necessary to maintain the structure 
in satisfactory condition. 

This paper describes the failure of a large modern brick chimney 
to such an extent that its safety was vitally impaired; the investigation 
of its condition; the methods of restoring satisfactory strength to the 
structure; and the installation of an acidproof lining. 


Puiant History 


The Clarkdale smelter of the United Verde Copper Co., which was 
put in operation in 1915, was primarily a blast-furnace plant. The 
smelter at Jerome had utilized blast furnaces exclusively, and in the 
design of the new (1915) plant, blast-furnace smelting evidently was 
considered of major importance, the smelting equipment consisting of 
four blast furnaces 48 in. by 26 ft. 8 in. and three reverberatories, each 
19 by 101 ft. The latter, supplemented by roasters, were intended 
mainly for handling dust and fine ore resulting from the crushing 
operations. The original roasting equipment consisted of six six- 
hearth Wedge roasters, six more being added in 1917. All gases from 
blast furnaces, reverberatories, roasters and converters were conducted 
by means of suitable flues and dust chambers to one central chimney. 

This chimney, 30 ft. inside diameter by 400 ft. high, is a self-support- 
ing steel structure, lined with 4-in. brick supported on steel shelf angles, 
riveted to the shell, spaced about 15 ft. vertically. The bricks were of 
local manufacture, not particularly hard-burned, and were laid in ordinary 
cement-fireclay-sand mortar. No record is available to indicate that 
any particular effort was made to secure an acidproof mortar. The same 
materials were employed in the construction of the reverberatory and 
roaster flues, and the roaster dust chamber. Parenthetically, it may 


* Chief Mechanical Engineer, United Verde Copper Co. 
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be stated here that the chimney lining is today in almost perfect Re, 
This will be referred to later in this article. 

About 1918 it became evident that dust losses were excessive, and 
with the trend increasingly toward reverberatory smelting, a thorough 
investigation of dust and fume conditions was undertaken. As a result, 
a Cottrell precipitating plant and chimney were built coincident with the 
construction of three new 25 by 101-ft. reverberatories and the installation 
of 12 new seven-hearth Wedge roasters. Two of the new reverbs were 
blown in in 1920, and the 12 roasters and the Cottrell treater and chimney 
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Fic. 1.—PLAN OF CHIMNEYS AND FLUE SYSTEM. ORIGINAL CONSTRUCTION CROSS- 
HATCHED. 


Llost furnace flue 


were placed in operation in 1922. All roaster, blast-furnace and con- 
verter gases pass through the treater to the new brick chimney, the 
reverberatory gases going to the old steel chimney as formerly. Essen- 
tials of the plant layout are shown in Fig. 1. 


CorTrrrRELL CHIMNEY 


The Cottrell chimney, 29 ft. top internal diameter by 430 ft. high, 
was built of radial perforated brick laid in a 1:1:3 cement-fireclay-sand 
mortar. The sand was local river sand, samples of which in 1931 showed 
about 11 to 13 per cent lime content. Crushing tests on the perforated 
brick laid in this mortar showed an average compressive breaking stress 
of 1207 lb. per sq. in. of gross outside area, between the limits of 1100 and 
1350 lb. Design calculations on the chimney give 317 lb. per sq. in. 
as the maximum compressive stress when calculated for a wind pressure 
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of 30 lb. per sq. ft. over one-half of the projected area. 


far above anything ever experienced locally. , 

A 4-in. lining of the same material as the stack shaft was built to 
the 100-ft. level. The lower 55 ft. is vertical, supported on the founda- 
tion, and the remainder is supported on corbels built into the chimney 
at intervals, and is carried parallel with the shell, with a 4-in. air space 
back of the lining. No lining was provided above the 100-ft. level. 

The usual clean-out hopper at the bottom of the stack was incor- 
porated in the design, equipped with suction pipe and fan for transporting 
accumulated dust to the roaster dust chamber. 


Cottrell Chimney History 


About 1926, fragments of brick were noticed in the accumulated 
dust. As a matter of fact, when the hopper was completely cleaned out 
during the present shut-down period, brick spalls were found practically 


Fig. 2.—LooKING DOWNWARD FROM TOP OF CHIMNEY. EXTENT or SPALLING IS 
NOTICEABLE. 


at the bottom of the dust, indicating that spalling had started almost at 
the beginning of the operation of the stack. Over a period of about 
four years from 1927, brick spalls recovered amounted to approximately 
130 tons, but as the dust hopper could not conveniently be cleaned out 
entirely, it was realized that this was not a true measure of the amount 
of spalling. Occasionally, whole 4-in. bricks were found, indicating 
either that considerable areas of the surface were letting go at once, or 
that a portion of the lining was coming down. 

Careful examination of the entire outside surface in 1929 failed to 
show any cracks, and in 1930, for the first time, spalling of the inner 
surface was seen from the top (Fig. 2). 


~ 


factor of safety is less than four to one, the assumed wind pressure is * j 
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Condition of Chimney Interior 


The plant was shut down in May, 1931, and advantage was immedi- 
ately taken of the opportunity offered for a complete investigation of 
conditions. Roof-framing beams were first placed across the top, 
sufficiently heavy to support movable platforms or staging for permanent 
relining operations, and an inspection cage (Fig. 3) was provided for 
making a thorough examination of the interior surface of the chimney. 

It was found that approximately 70 per cent of the inside area of 
the chimney above the lining was spalled off from 2 to 5 in. deep, with 
occasional small areas as much as 8 in. deep, and most of the remaining 
area was in serious condition. The lining was intact and there was 
practically no spalling below the 115-ft. level. 


Fig. 3.—CaGE AND INSIDE SCAFFOLD. LATER THE CAGE WAS ENCLOSED. 


The results of careful determination of acid and SO; in the brick 
and mortar at three different levels are shown in Fig. 4. In general 
these show some free acid penetration into the brick itself, in some cases 
as much as4or5in. Apparently this results in no harmful effect on the 
bricks, as there is no chemical reaction in a well burned brick. On the 
other hand, the mortar between the bricks and in its perforations reacts 
with the acid, forming sulfates, which absorb moisture from infiltrated 
air or from the gases and crystallize with an appreciable increase in 
volume. This increase in volume spalls off the inner surface of the brick, 
exposing new untouched areas of mortar, and the cycle is repeated. Our 
investigations did not conclusively indicate which sulfate was most 
responsible for the damage. Calcium, magnesium and aluminum were 
all suspected. One may visualize the tremendous force exerted by the 
hydration and crystallization of anhydrous sulfates in a confined space 
by the fact that 1 molecule of sulfate of calcium crystallizes with 2 
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molecules of water; 1 of magnesium with 7 of water; and 1 of aluminum 
with a maximum possibility of 18 of water. 
Fig. 5 indicates the progressively increasing depth of spalling begin- 
ning at about elevation 115. Thickness of wall also is shown. Cursory 
examination of the chimney shaft behind the lining, below the 100-ft. 
level, indicated that no spalling had taken place. The conclusion is 
that temperatures of the lining at these levels have always been suffi- 
ciently high to prevent condensation of acid, and the wall thickness is 
sufficient to prevent infiltration of air. As both the wall thickness and 
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gas temperatures decrease with increasing height of chimney, con- 
densation of acid and crystallization of the sulfates occurred in the 
mortar joints and plugs and promoted the disintegration of the brick 
as outlined above. 

Reference has been made in an earlier paragraph to the excellent 
present condition of the original steel chimney, built in 1915. Undoubt- 
edly this is due to the fact that during operations from 1915 to 1922, when 
it was carrying all the gases, the plant as a whole was predominantly a 
blast-furnace smelting plant, and the roaster gas was neutralized by 
the other gases, particularly by the dust content. The dust contained 
appreciable zinc oxide. Furthermore, untreated roaster gases are not as 
corrosive as gases that have been treated by the Cottrell process, which 
removes the dust and not the acid. An additional feature is the absolute 
exclusion of moisture-laden air by the steel shell. 
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Fic. 5.—TypicaL SECTION OF CHIMN. 
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REHABILITATION OF THE CHIMNEY 


The structure was rapidly approaching a dangerous condition. The 
top 80 ft. of wall, originally 13 in. thick, was practically one-third gone; 
in some small areas the brick remaining was only 7 in. thick. Spalling 
was progressing more and more rapidly during the shutdown, and from 
a consideration of the conditions and conclusions as to their cause, the 
problem resolved itself into the following: 

1. To restore the upper portion of the chimney at least to its original 

structural strength. 
(a) By tearing down and rebuilding. 
(b) By some method of reinforcement. 

2. To prevent the infiltration of air by the application of some pro- 

tective, impervious coating. 

3. To restore the inner surface of the chimney with an acidproof 

material. : 

It was decided that objectives 1 and 2 could best be accomplished by 
incasing the chimney in a reinforced concrete jacket applied by guniting; 
the interior work to consist of a complete veneer lining above the 100-ft. 
level of hard-burned solid brick laid in acidproof mortar. 

The application of an acidproof veneer bonded into the stack structure 
is a new departure in American practice. The usual method, where a 
lining is included, is to provide an air space and support the lining 
on corbels. 

A thorough investigation of the brick ultimately adopted included 
a determination of its mean coefficient of expansion. This was found 
to be 4.13 X 10~ between 100° F. and 500° F., as compared with 8.33 X 
10° for the brick of the original construction, and 5.5 X 10° for gunite. 


The Gunite Jacket 


This is 214 in. thick from elevation 190 ft. to 324 ft. and 3 in. thick 
the remainder of the height. It was applied in two courses, the finish 
course being }4 in. thick. Reinforcing consists of welded steel rec- 
tangular mesh No. 0 wires (approximately 54g in. diameter) spaced 3 in. 
on center and No. 1 wire (approximately 14 in. diameter) 8 in. on center. 
The fabric was delivered to the site in sheets 5 ft. 9 in. by 24 ft. 8 in., the 
heavy wire laid the length of the sheet. As applied, a complete band, 
one sheet wide, was placed around the chimney, the sheets being lapped 
two vertical bars and wired every 3 in. with No. 10 soft wire laid double. 
The reinforcing was stretched as tight as possible in wiring together, and 
after the complete circle had been connected up, wooden wedges were 
driven against the surface of the chimney to hold the mesh at a uniform 
distance of 34 in. from the brick. These wedges were removed as 
guniting progressed. Fig. 6 shows the gunite rigging and Fig. 7 the 
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_ appearance of the mesh in place before guniting. Working from a 


two-stage scaffold, the reinforcing gang applied the steel course ahead 
of the gunite crew, each course being wired to the preceding course on 
16-in. centers; i.e., every second vertical wire. 

Proceeding from the 190-ft. level, the jacket advanced to the top 
of the chimney at the rate of approximately one 5-ft. 9-in. course per day. 
Then, working downward, the 1-in. top course was applied. Ring 
joints of the finish course were staggered from those in the base course, 


Fia. 6. lives! 7 
Fic. 6 —GuNITE RIGGING AT BEGINNING OF OPERATIONS. 
Fic. 7.—GUNITE REINFORCEMENT AT 190-FT,. LEVEL. 


to prevent shrinkage cracks opening through, and the fresh area was 
given a rough trowel finish as the work progressed. The entire surface 
was thoroughly wet down each morning. The top 55 ft. was painted 
with a heavy acid-resisting paint. 

The mixture was 1:3 cement-sand, and the entire job was shot 
from one setting of the cement gun at the base of the chimney. Line 
pressure varied from 65 lb. for the 190-ft. level to 85 lb. at the top. The 
ground crew consisted of one gunman and two shovelers. The steel 
was handled by three men, one of whom worked only partly on the steel, 
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during raising and placing, and the remainder of the day served as helper 
to the nozzleman, removing wedges, etc., as the guniting progressed. 
One hoistman, an inspector and a superintendent completed the organi- 
zation. ‘The work was done under contract by the Western Gunite Co. 
of Los Angeles. The job was started in January and was delayed at 
various times when temperatures dropped below 35° F., the lower limit 
prescribed in the specifications. The completed jacket is shown in 
Fig. 8. 


The Acidproof Lining 


On completion of the gunite jacket, the rigging was moved inside, 
and, beginning at the top, a rough cut was taken over the entire surface, 
removing accretions, dust, and all 
loose and slabby brick areas (Figs. 
9 and 10). Three men, with chip- 
| ping hammers, constituted the 
| working force, the job being com- 
| pleted in 22 days. 

Brick for the new lining is a 
| hard-burned, clay brick, thoroughly 
| vitrified, supplied by the Trinidad 
_| Brick & Tile Co., Trinidad, 
Colorado. Competitive tests were 
‘| made on samples submitted by 
various manufactures, and some 
excellent materials were offered. 
Crushing tests of kiln-run samples 
on completion of burning for this 
contract showed an average com- 
pressive breaking stress of 11,000 Ib. 
per sq. in. between the limits of 
6,400 and 18,000 lb. They are 
practically impervious to acid. It was decided to lay the bricks to make 
a 3-in, thick wall lining, and accordingly most of them were supplied in 
a radial 3 by 4 by 8)4 in. long with radial cuts of about 1 in. across the 
3-in. face. These bricks were repressed in a special mold. So-called 
“header” bricks 3 by 4 by 614 in. were provided for anchorage headers 
into the old wall, and a few standard 244 by 4 by 814 in. were provided 
for backing and fitting. 

These bricks were laid in an acidproof mortar developed and tested 
in the laboratories of the United Verde Copper Co. Briquets under 
test showed remarkably high tensile and compressive stresses. Test 
panels of the brick and mortar were built in the Cottrell outlet flue and 
subjected to severe tests simulating conditions prevailing in operation. 


Fie. 8.—TueE two stacks, Auaust, 1933. 


JOHN E. LANNING 291 


These tests were met successfully. The mortar as developed is capable 
of close control as to time required for “set.”’ This period is influenced 
by temperature and humidity, and it would have been impossible to 
obtain satisfactory results without controlling the mortar set as 
conditions varied. 

In addition to the mortar for laying brick, it was necessary to provide 
a backing material for filling the irregular spaces between the new and 
old brick, especially where the old surface was broken and irregular. 


Fia.9. Fia.10. 
Fig. 9.—Topr SECTION OF WALL BEFORE CLEANING. ACCRETIONS DID NOT EXTEND 
BELOW 400-FT. LEVEL. 
Fig. 10.— WALL AT ABOUT 320-FT. LEVEL AFTER FIRST PRELIMINARY CLEANING. 
The four-course bands of smooth brick show where a full brick has disappeared. 
Intermediate bands spalled off to practically uniform surface. 


This backing material was made of crushed silica (—3-in. mesh 
+ 40 mesh), mixed with sodium silicate solution and a setting accelerator. 
It is acidproof and of satisfactory density when properly screened, graded 
and mixed. 

Beginning at the 100-ft. level, a full header course was laid, properly 
bedded and backed, as a foundation (Fig. 11). The 84-in. radial 
bricks were used for this course in order to get the best possible anchorage. 
As mentioned before, there was no spalling at this level, and special 
effort was made to secure a firm bond to the old brick surface. Accord- 
ingly, another full header course was cut in, 3 ft. higher. Above this 
point, header courses were not cut in the full circle; generally 35 to 50 
per cent or more, depending on conditions (Fig. 12). Fig. 13 shows 


“a, 


292 REPAIRING A LARGE SMELTER CHIMNEY INJURED BY SPALLING 


the method of distribution of these ‘anchorages,’ and Fig. 14 the 
finished lining. 

Cutting for header courses and trimming the wall to line and surface 
was accomplished best by working the cutting gang on the day shift, 
the bricklayers coming on for the evening shift. Thus an interval of 


Fria. 11.—F ULL CIRCLE HEADER COURSE CHANNEL AT 1UU-FT. LEVEL. THREE COURSES 
OF NEW BRICK ON TOP OF OLD LINING. 


8 hr. elapsed after the bricklayers finished their shift before the work 
was disturbed by the vibration of the air hammers. This was ample 
time for a complete set of the mortar and backing. Header channels 
were cut one brick course above the top of the previous shift’s work, thus 
minimizing unequal settlement of the fresh work. It was found that 


Fie, 12.—INTERMEDIATE HEADER COURSE AT ABOUT 300-PFT. LEVEL. 


mortar joints in the existing brickwork had to be disregarded in locating 
the headers, as the old brickwork was in some cases as much as 4 or 5 in. 
out of level in a given course. 

Usually the cutting gang consisted of three men. They raised and 
serviced the scaffold, cut and cleaned the wall, and removed all dust 
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and debris from the platform. The brick gang consisted of three brick- 
layers, two helpers on the scaffold, one brick passer on the ground, two 
mortarmen, and one hoistman. This work was accomplished in 77 days, 
a total of 868 man-shifts being required. Material quantities were as 
follows: 153,000 (600 tons) bricks; 73 tons mortar; 209 tons backing. 


EQUIPMENT 


The surfacing of approximately 25,000 sq. ft. of the outside and 
33,000 sq. ft. of the inside of a chimney, from 100 to 430 ft. above ground, 
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called for the assembly and handling of equipment not usually required 
by a smelter-operating force. 

After the first steel was in place at the top of the stack (the erection 
of which was contracted), a 12-arm spider was erected, from which to 
hang the suspended scaffold, both inside and out. Twelve pairs of 
Patent Scaffolding Company’s ratchet drums were leased from the 
owners, each drum wound with 200 ft. of 3g-in. plow-steel cable. These 
ratchet drums are placed at the scaffold, and by reeling in the cable, the 
scaffold is raised. Accordingly, additional cable was spliced to each of 
the 200-ft. cables and attached to the spider outriggers, with the drums 
and platform putlogs hanging at the proper level. _ The scaffold around 
the stack was completed with 2 by 12-in. plank. The lower deck, as 
shown in Fig. 7, was hung 8 ft. below the upper. On account of the high 


. wind prevailing at times, this was completely enclosed with canvas to 


protect the gunite. Hoisting of men and materials for the gunite job 
was in an open bucket or sling, one of the outriggers being extended to 
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support a 20-in. head sheave. The hoist was an 8 by 12-in. single-drum 
mine hoist, operated by air. 

When the rigging was moved inside, the same method was used, 
except that the ratchet drums had to be on the lower platform, the upper 
being provided for protection against falling brick and debris, and 
supported on angle-ironframes. A single-deck cage 3 ft. by 4 ft. 6 in. was 
swung, using l-in. mine-hoist cables for guides. The head sheave blocks 


Fria. 14.—APPEARANCE OF FINISHED LINING AT TOP. 


were mounted on a movable frame to compensate for the increasing 
diameter of the stack at the lower levels and bring the cage out to the 
scaffold. The scaffold framing was provided with “expanders” to hold 
it out to the wall line. An electric signal provided communication to 
the hoist operator, and a telephone with loudspeaker attachment was 
used to tell the men in charge of material what was needed. 

Brick was handled by gravity roller conveyor from stockpile to within 
30 ft. of the cage. Carrying trays holding eight of the 3 by 4 by 814-in. 
bricks were loaded and piled into the cage by the men on the ground and 
removed by the helpers at the scaffold. Mortar was mixed by hand 


Backi ing ‘material was Pe, 
t. mixer and handled in 125-Ib. trays. 
the erection of the roof steel framing and the gunite —__ 


f rigging and construction was handled by the smelter 
‘here were no serious injuries. 
Nhile the Cottrell plant has not been operated since the repairs 
_ were completed, it is felt that the chimney at present offers considerably 
longer life than as originally built. The total cost of repair was approxi- 
— mately 40 per cent of that of a new acidproof chimney. 
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Recovery of Suspended Solids from Furnace Gases in Copper 
Smelters, with Special Reference to the Cottrell Process of 
Electrical Precipitation 


By Harry V. Wetcu,* Los ANGELES, CALIF. 


Tus paper presents a brief discussion of numerous devices and proc- 
esses which have been utilized for the recovery of values from gases in 
copper reduction works and describes in greater detail the development 
and application in recent years of electrical precipitation, more familiarly 
known as the Cottrell process, to the problems of dust losses with furnace 
gases in copper-smelting and refining plants. 

The field for collection of suspended particles in gases is widely 
extended in our modern complex, congested and industrialized mode of 
living, and its satisfactory solution is required by our increasing apprecia- 
tion of the extravagant waste, unhealthful effects and nuisance which 
such uncontrolled emission of solid suspensions represents. Much of 
the special dust-recovery equipment in use today has been developed in 
one industry and carried over to many others. The early work of Cottrell 
was with sulfuric acid mists, aimed at the purification problem in contact 
acid manufacture, but the present uses of Cottrell equipment cover a 
diversified field—carbon black, combustible gas, oil mists, iron blast- 
furnace fumes and dusts, cement-kiln gases, as well as the purification 
of gases in contact and chamber acid plants and its wide and extended 
use in the nonferrous metallurgical field of copper, zine and lead, and their 
associated metals. 

Dust and fume collection from furnace gases became a problem only 
with the modern development of large and amply powered auxiliary 
furnace equipment, which in turn permitted large furnace units, fast 
driving and large outputs of finished product per unit of furnace capacity. 
The ancient metallurgist with his small clay pot and hand-operated 
bellows had too little gas velocity to cause a real dust loss. As furnaces 
grew in size, flues and stacks were added, and undoubtedly the first 
observable dust losses were indicated by the deposits in the flue and stack 
base. Large flues, it was noted, collected more than smaller ones, and 
the expansion of a portion of the flue into a chamber represented the 
first serious attempt at recovery of furnace dust losses. For a century 
or more the settling chamber represented the best of skilled metallurgical 
practice in recovery of furnace dust, and it may be said to have reached 
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its peak of good engineering practice in the dust chambers of the new 
Anaconda plant completed in 1902,‘* and the extended and enlarged 
hillside settling flue erected some years later. The year 1906 saw the 
beginning of the fundamental investigation and experimental work 
of Dr. F. G. Cottrell on electrical precipitation, while the first commercial 
installation at a copper smelter went into operation in 1911, at the 
Balaklala smelter at Coram, California. 

During this same five-year period many investigators were at work 
on the problem of stack loss at copper smelters and two large plants 
involving very different ideas were placed in operation. It was during 
this same period that a very epidemic of complaint and litigation broke 
out in the areas surrounding our western smelters and the incidents of 
this litigation served to focus attention on stack losses, and to make 
available technical talent and finances for investigation and for instal- 
lation of plants for the recovery of the dust losses. 

At the Great Falls plant of the Anaconda Copper Co. an elaborate 
investigation of baffled dust-chamber construction was conducted, which 
led to the construction in 1909 of the company’s wire-hung dust chamber. 
This plant and the results secured have been excellently described by 
Goodale and Klepinger.“” Suffice it to say that on operations and 
tonnages then passing through the plant it made a recovery of the copper 
in the suspended solids approximating 95 per cent, and the total weight 
of collected material in something over three years’ operation was upwards 
of 100,000 tons. Changes in material to plant, to decreased copper 
operations and corrosion problems due to works shutdowns, later failed 
to justify the maintenance cost of the wire system, and at present, as an 
adjunct to the zine plant, it is operated as a simple unbaffled dust- 
settling chamber. 

During the years 1909 to 1911, the two copper smelters in northern 
California, the Mammoth smelter of the United States Smelting, Refining 
& Mining Co., at Kennett, and the Balaklala smelter at Coram, were in 
conflict with the farmers of the northern portion of the Sacramento 
Valley. The Mammoth smelter met the decrees of the Court by the 
installation of an extensive cooling system and baghouse for its blast- 
furnace gases, while Balaklala installed the Cottrell process of electrical 
precipitation on the gases arising from the multiple-hearth roasters and 
copper blast furnaces. 

A baghouse was feasible on the Mammoth plant gases since the 
furnace charge contained an appreciable percentage of zinc, sufficient 
of which was volatilized to neutralize the free SO; present in the gases, 
and thus preserve a reasonable life to the bags. C. T. Rice® has ably 
described this plant and provided figures of construction cost and opera- 
tion. Since the baghouse dust approximating 23 per cent zinc (as zinc 


* Figures in parentheses refer to the bibliography at the end of the paper. 
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sulfate and zinc oxide) was unsuitable for retreatment in the copper- 
plant furnaces it was accumulated as a waste product and the baghouse 
operation represented entirely a nuisance requirement. 

During the period of operation of the Mammoth baghouse, and more 
particularly during 1911, the Balaklala smelter at Coram, four miles 
down the valley from Kennett, constructed and placed in operation the 
first commercial electrical precipitation installation at a copper smelter.” 
This plant will be more particularly described later in the paper. 


EarLty ExpERIMENTS ON ELECTRICAL PRECIPITATION 


The phenomenon of precipitation of suspended fume and dust 
particles under the influence of unidirectional high potential discharge 
and field was early noted in our modern development of science. 
Hohlfeld,” in Germany, in 1824 noted that the discharge from a 
Leyden jar through a wire centered in a bottle filled with smoke would 
effect the precipitation of the suspended particles. Since industry as we 
know it today, and even more so the translation of scientific discoveries 
to industrial application, was nonexistent then, the experiment passed 
as an interesting effect only and was soon forgotten. Again 20 years 
later, Guitard, ® in England, noted the same phenomenon, and since 
the generation of electrical high-potential charges was still limited to 
frictional effects on rods of glass or wax, the discovery was soon forgotten. 
In 1876, however, Wimshurst brought out his electrostatic machine and 
thus made available vastly greater quantities of high-potential electrical 
energy, but still, as later events proved, entirely inadequate to successful 
operation in commercial electrical precipitation. 

For the third time, in the early eighties the phenomenon of electrical 
precipitation of suspended solids by electrical stresses was discovered by 
Sir Oliver Lodge. He and his associates, making use of the Wimshurst 
machine, attempted the first commercial installation at the Dee Bank 
Lead Works in 1885. Public attention undoubtedly was first directed 
to the principles and possibilities of electrical precipitation by Sir Oliver 
Lodge’s paper™ of Nov. 3, 1884, at the meeting of the Liverpool section 
of the Society of Chemical Industry; and industrial attention by W. M. 
Hutchings,“ works manager at the Dee Bank Lead Works, who published 
a brief description of the plant, and by A. O. Walker,“ who, during 
1884 and 1885, secured English, American and Continental patents. 
The plant utilized as a source of electrical energy a Wimshurst machine 
consisting of two 5-ft. plates, driven by a 1-hp. steam engine. The 
electrode system installed in the outlet flue consisted of a H-shaped 
rod frame with a number of)short point projections attached to the 
rod framework. 

No further information on this plant appears in the literature; 
undoubtedly the results secured were unsatisfactory, as would be indi- 
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cated by laboratory tests with a Wimshurst machine, which showed that 
the output from a six-plate modern machine delivered too little electrical 
energy even for a laboratory-size section of pipe electrode. The energy 
requirement for satisfactory electrical precipitation is of appreciable 
magnitude, and it was the realization of this requirement, which can be 
met only by modern electromagnetic machines, that enabled Cottrell to 
bring to asuccessful issue the commercial process of electrical precipitation. 

During the first decade of this century, conditions were opportune in 
several countries for this development. In fact, the three most indus- 
trialized countries, Germany, Great Britain and the United States, each 
had a scientific investigator at work, who achieved results that led to 
commercial installations—in England, Sir Oliver Lodge, in Germany, 
Dr. Erwin Moeller, and in this country, Dr. Frederick G. Cottrell. 


DEVELOPMENT OF CoTTRELL PRocEss 


In 1906, Dr. Cottrell, then Professor of Physical Chemistry at the 
University of California, interested himself in the problem of purification 
of sulfur-bearing gases for contact acid manufacture. His investigations 
first followed along the line of mechanical operation involving high-speed 
small-diameter centrifugal tubes, but led to indifferent success, since the 
problem of removing suspended mist particles, which are the carrier for 
arsenic poisoning of the catalytic mass, is extremely difficult by mechani- 
cal means. Becoming convinced that a possible solution lay along the 
line of mist removal by means of high-potential unidirectional discharge, 
he set up from exceedingly limited equipment, a laboratory test unit that 
yielded a unidirectional potential of about 3700 volts. With this limited 
voltage and bare iron electrodes, effective mist precipitation was not 
secured, but Cottrell discovered that by covering his discharge electrode 
with a fibrous material such as asbestos, effective and visible electrical 
input into the gases could be obtained and mist precipitation effected. 
An excellent description of the early work appears in several articles by 
Cottrell,79!) Schmidt,“! Bradley“ and others, which will not be 
repeated here in detail. 

In theory, electrical precipitation requires two definite electrical 
considerations to be fulfilled, with respect to gases passing between the 
electrodes: (1) an effective flow of ionizing current in one direction only 
from one electrode; (2) the maintenance of a suitable high-potential static 
field between the two electrodes. The flow of ionizing current is the 
means of electrically charging the suspended particles and may be con- 
sidered as follows: One electrode, the discharge electrode, preferably 
negative, must possess a radius of curvature that is small as compared 
to the collecting electrode. It must be of such diameter that, under the 
static voltage that can be maintained without serious arcing, the potential 
gradient at its surface is sufficient to disrupt the gas particle’s neutral 
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electrical condition, giving to it, as an end result, an electric charge of 
the same character as the discharge electrode. Such charged gas particle, 
under the existing static field, is immediately repelled by the discharge 
electrode and attracted by the collecting electrode, and therefore starts 
immediately to migrate across the field. In its movement of migration 
it collides repeatedly with other gas particles and also with the suspended 
dust particles, in turn charging them. The disruption and charging of 
the gas particles involves an actual change of energy levels, one visual 
effect of which, as a charged gas returns from a higher to a lower energy 
level, is the corona glow. As the corona glow is indicative of an electrical 
charging of the gas stream, the observation is of practical importance as 
a guide and requirement for commercial plant operation. It was this 
realization of the practical importance of the corona discharge that 
enabled Cottrell to make his rapid advance in the early days of com- 
mercial development. Not having at his disposal either in laboratory 
(4000 volts) or field (20,000 to 30,000 volts) the high voltage equipment 
of today (60,000 to 100,000 volts), Cottrell used asbestos fiber or mica 
edges to secure the diminution of radius of curvature of discharge elec- 
trode necessary with the potential gradient available in his equipment, 
to secure a visible corona glow and ionizing effect. 

The ionized gas particles produced in the immediate vicinity of the 
discharge electrode are immediately subjected to the stress of the electro- 
static field between electrodes, and as it moves forward it drags along 
mechanically a mass of gas, thus giving a windage effect designated as 
“electric wind” and familiarly known in the extinguishing of a candle 
light when placed between high-potential terminals undergoing sparking 
or arcing. As such electric windage must go in a closed circuit there 
result points or small areas of intense ionization on the discharge electrode, 
which disclose themselves by small brightly colored spots and larger 
areas showing only the corona glow. 

While precipitation effects are secured with the discharge electrode, 
either negative or positive, experience has shown on good conductive 
gases and deposits, that with negative discharge, from one-fourth to 
one-third higher voltage can be maintained between electrodes than is 
possible with positive discharge. Since maximum efficiency of a pre- 
cipitator is secured with maximum potential obtained without serious 
arcing, commercial installations are always operated with discharge 
electrodes negative. 

It is also possible to get a precipitation effect with high-potential 
alternating current instead of the usual rectified supply, partly because 
in the usual form of precipitator of fine wire and plate or pipe, some rectifi- 
cation takes place; and partly because the agglomerating effect of an 
alternating current discharge provides suspended material more readily 
taken out by baffle and wall action and by settling. Substantially, 
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however, high-potential alternating discharge provides an agglomerating 
effect, coalescing a great number of individual particles into a loosely 
agglomerated mass in dry materials, and from mist to droplets in liquid 
suspensions. Commercially, it is of little or limited importance. 

While with mist and fume particles suspended in a gas stream of high 
humidity, investigation has disclosed that the length of discharge 
electrode per unit of gas volume per unit of time is a precise measure of 
unit capacity or of unit efficiency, it is quite otherwise when gases are less 
conductive and deposits on the collecting electrode are more or less 
nonconductive. Here the rate of discharge of the deposit often becomes 
the most significant and controlling factor of capacity. 


CONDUCTIVITY OF DEPOSIT AND CONDITIONING OF GASES 


As distinct from a deposit of good conductivity, there are to be 
distinguished two general types of deposits: (1) the less frequent, a 
smooth-surfaced type of deposit such as pure zinc oxide, where as the 
deposit builds up efficiency decreases, and on the primary instruments 
at the switchboard current decreases and voltage increases. The 
result is equivalent to the insertion of a continuous liner of insulating 
material, and of course, adversely affects precipitation. (2) The second 
type is very common, and here the built-up deposit acts as a discontinuous 
dielectric or porous dielectric. At the points or edges of the discon- 
tinuity of the dielectric deposit, sufficient electrical stress develops to 
ionize the gas, and therefrom a reverse flow of current takes place between 
electrodes, with the result that the electrostatic voltage which can be 
maintained is greatly decreased, primary amperes readily exceed the 
transformer rating, primary voltage falls, and precipitation efficiency 
rapidly decreases. 

As a corrective means, so-called ‘‘conditioning”’ of the gases and the 
collecting electrode deposit is provided, and most commonly this is 
accomplished by water sprays introduced into the gas stream previous 
to its entrance into the precipitator. Water sprays are by no means the 
only conditioning agents employed, for a vastly smaller quantity pro- 
portionally of sulfuric acid fumed into the gas stream will effect the same 
result, and for conditioning deposits, oil and tar mists, graphitic and 
carbon dusts, iron-ore dust and the like have all been found beneficial 
and possible of application under specialized conditions existing at some 
industrial plants. However, water commonly forms the cheapest means 
of conditioning gases and deposits and its use where basic suspended 
particles such as lead and zinc fumes, as discharged at some converter 
plants, are to be treated, is standard practice. 

Conditioning of the gases when required is a relatively simple proceed- 
ing, requiring little water, and gives improved operation even at tem- 
peratures of several hundred degrees Centigrade. Copper-plant 
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multiple-hearth roasters commonly have available in their gases abundant 
acidity to condition the deposit, and for most localities the gas is also well 
conditioned, but certain plants in arid localities have noticed improved 
operation during periods of rainfall and the gradual decrease in this 
efficiency as the humidity lessened from day to day. 

Requirements for conditioning a normally nonconducting dust or 
fume by water sprays are rather precise, and usually are met by the 
installation of a spray chamber where gas velocity can be decreased to 
from 6 to 9 ft. per second and wherein there are mounted a number of 
finely atomizing sprays. Such sprays usually are designed to deliver 
about 14 gal. of water per minute under a pressure head of 250 to 300 Ib. 
As an alternative, an air-pressure atomizing spray using around 60 lb. air 
and water pressure and about 5 cu. ft. of free air per gallon of water, 
has been utilized at a small number of plants. A nonconducting dust is 
ordinarily made satisfactorily conductive if the collected dust contains 
from 2.5 to 4 per cent moisture. 

It was stated that the loss of precipitation efficiency with a non- 
conducting or semiconducting suspended material, in comparison with 
material of good conductivity was largely due to the fact that the rate of 
discharge or rate of grounding of deposit became the controlling factor. 
It is evident, therefore, that by extending the electrode area sufficiently 
the equivalent in conditioning equipment may be obtained. For one 
Cottrell plant taking gases from copper converters and collecting a 50 
per cent lead product, tests and calculations were established to provide 
this ratio. It developed that the equivalent of a suitable spray-tower 
conditioner would be met by adding in series to the already installed 
precipitator, from two and one half to three additional precipitators. 
This is not a fixed ratio, to be translated to other plants directly, as 
several factors enter into consideration, especially that of temperature. 
In this particular instance the gas temperature was about 200° C. and 
indications were that the ratio decreased with decreasing temperature, 
and increased with increasing temperature. 

Considerations involving the handling of poorly conducting deposits 
have not, by many authors, heretofore been considered essentially a 
copper-plant problem. However, the majority of copper plants do 
concentrate into their mattes, and discharge with their converter gases, 
decidedly commercial amounts of lead and zinc, and with the strong 
probability of a low price for copper in the future, this recovery and 
marketing of such byproducts becomes of significant importance. 


ELECTRICAL PRECIPITATION PLANTS 


In the following descriptions of electrical precipitation plants in copper 


works it is evident that the Cottrell byproduct of lead in some plants has 
practical importance. 
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There is no important copper smelter in the United States or Canada 
today without its complement of a Cottrell department-process and 
apparatus. For more detailed descriptions of many of these plants the 
reader is referred to the selected bibliography at the end of this paper. 

Where operating figures are offered here it is to be understood that 
they do not represent practice of today (1933) but represent normal opera- 
tions in normal times and with normal copper markets such as existed 
for several years previous to 1929. 

Balaklala.—Balaklala, the first commercial precipitator erected, went 
into operation in 1911.71) It consisted of nine Cottrell units in parallel, 
each unit equipped with a louver damper to inlet and outlet flue. Each 
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Fic. 1.—ORIGINAL FLUE ARRANGEMENT AT BALAKLALA SMELTER. 


unit contained 24 ducts or gas passages, 5 in. wide, 24 ft. long, 10 ft. 
high. Collecting electrodes were strips of 10-gage plate 5 in. wide by 
10 ft. long, alternating with discharge electrodes made of serrated mica 
strips held between twisted wires. To a limited extent, asbestos fiber 
between twisted wires was also utilized. Tension of the discharge 
electrodes was secured by springs. The potential across the electrodes 
varied from 20,000 to 30,000 volts. A bank of three power transform- 
ers transformed incoming 60-cycle, 2300-volts, three-phase power to 
three single-phase circuits at a variable voltage of 20,000 to 30,000. 
One double-bar synchronous motor-rectifier was directly connected to 
each unit of the precipitator. Gas volume varied from 200,000 to 
300,000 cu. ft. per min. at 100° to 150°C. Efficiency on copper recovery 
averaged between 80 and 90 percent. Plans of original flue arrangement 
and vertical section through one unit are shown in Figs. 1 and 2. 
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Garfield Smelter —The Garfield smelter, at Garfield, Utah, when 


installed®:!81 in 1911 had 5-in. pipe test units. The present plant@® on 
converter gases, with 260,000 cu. ft. per min. at 115° C., consists of nine 
pipe units in parallel, each unit containing three hundred and sixty 5-in. 
pipes, 10 ft. long, connected to an individual 15-kva. synchronous motor 
set. The pipe precipitators are in series with a plate-type Cottrell of 
eight units. Each unit has five banks of plates in series, and each bank 
or section contains 18 plates (17 ducts or gas passages) of corrugated 
plates 9 ft. 5 in. wide and 10 ft. long. The spacing between plates is 
6 in. Each duct of a section contains 24 vertical weighted discharge 
wires, and two banks are operated from one 15-kva. electrical set, except 
that the last two banks in each section are connected to one 15-kva. unit. 
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Fig. 2.—VERTICAL SECTION THROUGH ONE CoTTRELL UNIT, BALAKLALA SMELTER. 


Efficiency of collection at 19,000 to 20,000 volts across electrodes and for 
combined plate and pipe Cottrells is above 90 per cent for copper, lead, 
gold and silver. Since the collected product contains more than 50 per 
cent lead, the precipitate is essentially a fume, and it is to be noted that 
this collection is effected without humidification. 

At the Garfield smelter, in addition to the large precipitator instal- 
lation for converter gas there is also a large precipitator on the gases from 
the reverberatories and copper roasters,“® which handles a gas volume of 
approximately 700,000 cu. ft. per min. at about 150° C., and consists 
of a plate precipitator of seven units, in parallel, each unit of three 
sections or banks in series and each section of 21 ducts or 22 plates. The 
plates are 11 ft. by 9 ft. 5 in., of corrugated iron, with a spacing of 6 in., 
with 496 vertical weighted discharge wires per section or bank. Operat- 
ing potential between electrodes is 20,000 volts. At normal operation 
the efficiency is above 90 per cent. The general construction features 
of the roaster-gas precipitator follow that of the plate precipitator on the 
converter gases. Rapping of collecting electrode plates is accomplished 
by stationary air hammers, and a clever automatic device records the 
mechanical handling of the plant for each of the three daily shifts. 


HARRY V. WELCH 305 


Anaconda Copper Mining Co.—The progress of the art of collection | 
of suspended values in copper-smelter gases during the past 30 years is 
best exemplified by the activities of the Anaconda Copper Mining Co. 
Before the building of the new Washoe works in 1902 the plants were 
without designed means of dust recovery.“ At the new works across 
the valley from the old smelter, which went into operation in 1902, very 
large dust-settling chambers were provided for the blast-furnace plant 
(275 by 38 by 36 ft.), the roaster plant and the converters. Adjacent 
to each dust chamber was its individual stack. 

A few years after the new smelter went into operation upwards of 
4000 ft. of additional settling chamber and flue, with a 300 by 30-ft. stack 
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at its hilltop end, was placed in service. Of this new flue, 1234 ft. was 
of a width of 60 ft. and 995 ft. of a width of 120 ft. Throughout this 
distance of over 2000 ft. the flue was hoppered. 

During 1914 and 1915 much investigational work on electrical pre- 
cipitation was carried on by the Anaconda staff. This work involved 
testing both plate and pipe precipitators, and with the latter diameters 
were carried up to 4 ft. and potentials to 220,000 volts.“ 

In 19182 Cottrells (Fig. 3) were installed at the stack end of the 
main flue system and a new stack 585 ft. high, 75 ft. inside diameter at 
base, and 60 ft. inside diameter at the top, was provided. This installa- 
tion consisted of 20 units in parallel, each unit having one section of 21 
plates (20 ducts or gas passages) spaced 12 in. center to center, and each 
plate being 24 ft. high and 20 ft. long of corrugated iron. Discharge 
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electrodes originally were of chain, but later were replaced by No. 14 
wires placed vertically and tensioned by weights. Units of a similar 
type are also in service on the gases from the special reverberatory 
smelting collected dusts and also at the No. 2 roasting plant (in operation 
in 1916). Electric power to the precipitation units is supplied by 12 
electrical sets, each set comprising a 75-kva. motor-generator-rectifier set 
connected to a 75-kva. maximum 100,000 volt transformer. Voltage 
across electrodes approximates 65,000, with daily dust collection of about 
120 tons, from a gas volume of 2,225,000 cu. ft. per min. at 150° C. 
Efficiency of recovery approximates 95 per cent on copper, gold and 
silver, 90 per cent on total dust, 86 per cent on arsenic trioxide and 84 per 
cent on lead. This main treating plant at Anaconda handles the largest 
gas volume through a single precipitation installation of any plant so far 
constructed, and with the additional units at No. 2 roaster plant (four 
units), the special reverberatory plant handling arsenic-bearing flue dust, 
(six units, operating with two in series, on conditioned gases), and the 
individual units on the roasters at the zine plant, constitutes the largest 
investment in precipitation equipment as well as the most extensive 
settling chamber and settling flues at any one plant. 

At the Tooele plant of the International Smelting Co., a subsidiary 
of the Anaconda Copper Mining Co., a plate-type precipitator is installed 
on the multiple-hearth roaster gases.°??33) Jt consists of two units, 
each unit of four sections of plates in series, each plate 10 by 10 ft. The 
plates are of corrugated iron spaced on 9-in. centers, there being 16 
plates (15 ducts or gas passages) per section. Electrically, two sections 
are connected through a continuous system of horizontal discharge 
electrodes, the latter being !4-in. standard iron pipe spaced about 6 in. 
apart. Electrical power is supplied by four 15-kva. sets, and operating 
with a gas volume of 135,000 cu. ft. per min. at 200° F., the copper collec- 
tion efficiency approximates 97 per cent and the total dust collection 
93 per cent. The daily collection is about 18 tons dust. 

Tacoma Smelting Co.—At the plant of the Tacoma Smelting Co., 
Tacoma, Washington, a pipe and a plate precipitator are in service, the 
former on the reverberatory-furnace and roaster-plant gases and the 
latter on the converter-plant gases. The pipe-type precipitator consists 
of 18 units, each of 84 pipes, each pipe 1214 in. inside diameter by 15 ft. 
long. This precipitator is served by 10 motor-generator sets connected 
to ten 15-kva. transformers delivering approximately 50,000 volts to the 
precipitator units, one being kept as a spare. Originally this pipe 
precipitator handled the combined gases from reverberatory furnaces, 
roasters and converters, and under that condition of operation handled 
upwards of 600,000 cu. ft. per min. at a temperature of 180° C.- Later 
the converter gases were segregated and passed to a plate-type precipi- 
tator consisting of two units in parallel, each unit of six banks or sections 
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of plates in series. Later still a third parallel unit was added. Each 
section or bank consists of 27 plates (26 ducts or gas passages), each 
plate 8 by 12 ft. of corrugated iron. Plates are spaced 6 in. center to 
center. Each of the 18 sections is served by a synchronous motor- 
rectifier set and a 15-kva. transformer. Discharge electrodes are of 
vertical wires and the high-potential framework is carried through lime- 
dust seals and supported outside the precipitator on porcelain insulators. 
The operating potential on the first section approximates 25,000 volts 
dropping somewhat from section to section in series, to about 20,000 
on the last section. The material collected is largely lead and zinc 
sulfate and oxide fumes, and operation is at times with partial 
humidification and at other times without gas conditioning. The gas 
volume varies from 100,000 cu. ft. per min. with one converter in 
service, to 180,000 cu. ft. per min. with three converters in service, 
with an upper temperature range of about 200° C. 

Types in Arizona.—Of the eight companies in Arizona that have 
installed precipitators, four have utilized the pipe type only, one the 
plate type, one the so-called rod-curtain type, one a special screen type 
of plates with the gases passing through the screen, and one containing 
units of pipe, plate and transverse rod curtain operating in parallel. 

International Smelting Co.—The first plant erected was that at the 
Inspiration smelter of the International Smelting Co. at Inspiration, 
Ariz.,“% 1819 which went into operation with the starting up of the 
smelter in 1915. 

Two separate treating plants were erected; one on the gases from the 
converters, the second on the gases from the multiple-hearth roasters 
functioning as concentrate driers. The two installations were served by 
a common substation power house. Both precipitators utilized 12-in. by 
16-ft. iron tubes as collecting electrodes, the construction being that 
known as the exposed-pipe type, in which the gases enter a header below 
the tubes, move up through the tubes and pass to the stack from a top 
header. The exterior surfaces of the pipes are exposed to the atmosphere 
throughout their length and rapping is effected by a system of hammers 
striking on lugs fastened to the external face of the pipes. The freedom 
from appreciable amounts of zine or Jead in the matte gave a converter 
gas of considerable acidity and both gases and deposit are good conduc- 
tors. In the multiple-hearth driers, the vaporization of the water from 
the flotation concentrates gave equally satisfactory conditioning of gases 
and deposit. 

The converter precipitator was divided into 12 units, all in parallel, 
each unit containing 64 tubes of 12 in. inside diameter and 16 ft. long. 
An iron chain, later replaced by No. 12 weighted iron wire, central to 
each tube formed the discharge electrode. The operating voltages were 
from 60,000 to 70,000 volts. The gas volume from three converters 
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averaged 270,000 cu. ft. per min. at 150° C., the collection efficiency being 
98 per cent on copper, and the daily collection from 2 to 3 tons of dust 
containing 35 per cent copper. 

The original drier-plant precipitator in 1915 treated the gases from 
five multiple-hearth furnaces. It consisted of 12 units of 20 tubes 
each, similar to those in the converter Cottrell, or 12 in. inside diameter 
and 16 ft. long. The prevailing voltage was around 70,000 volts, effi- 
ciency over 99 per cent, and daily dust collection around 5 tons averaging 
25 per cent copper. In 1920 additional driers and a duplicate of the 


Fig. 4.—RoasTER PLANT WITH COTTRELLS MOUNTED ABOVE WEDGE ROASTERS, 
Soutuwest Metats Company. 


precipitator were installed. The power substation contains ten 15-kva. 
motor-generator sets direct connected to 15-kva. 100,000-volt trans- 
formers, and serves both the drier and the converter Cottrells. 

Southwest Metals Co.—In 1916 the Humboldt smelter of the South- 
west Metals Co. (then Consolidated Arizona Smelting Co.) constructed 
a new roaster plant of four 22-ft. Wedge roasters.2” Integral with this 
construction, and mounted directly above the roasters, a Cottrell pre- 
cipitator of the so-called submerged-pipe type was installed (Fig. 4). 
Each roaster was served by a two-unit Cottrell, each unit consisting of 
40 tubes of 12-in. diameter and 16 ft. long, or 80 tubes per roaster Cottrell. 
Two Cottrells are served by one 15-kva. power set, a third set being 
reserved as a spare. The voltage at the precipitators was about 65,000 
and the individual stacks from the roasters were clean looking, indicating 
continuous efficiencies well over 90 per cent. A single efficiency test 
gave 96 per cent. The gas volume per roaster averaged 16,000 cu. ft. 
per min. at temperatures varying from 150° to 300° C. Collection 
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approximated from 6 to 7 per cent of furnace feed, the latter running 
from 400 to 500 tons per day for the four roasters. 

Magma Copper Co.—In 1925 the Magma Copper Co. placed in opera- 
tion its smelter at Superior, Ariz.“ The gases from a battery of five 
Herreshoff furnaces pass to a four-unit precipitator, each unit of 144 pipes, 
8 in. diameter and 12 ft. long. Power is supplied from three 15-kva. 
motor-generator rectifier sets to three 15-kva. high-voltage transformers. 
Two power sets are commonly in service, one set to two pipe units. 
Operating voltage approximates 45,000 volts with 100,000 cu. ft. of gas 


y per min., the daily collection being 16 tons per day, approximately 
; 4 per cent of furnace feed, and containing 15 to 18 per cent copper. 

7 Copper Queen.—A similar type of precipitator was placed in operation 
; at the Copper Queen plant of the Phelps Dodge Corporation in 1927. 
: This submerged-pipe precipitator consisted of eight units each of 140 
3 tubes 8 in. in diameter and 12 ft. long, a total of 1120 tubes, and received 
} the gases from twelve 19-ft. diameter, 11-hearth Herreshoff roasters, 
handling from 200 to 250 tons of feed per day per roaster. The total 


gas volume was about 145,000 cu. ft. per min. at 650° F. The dust 
collection averaged something over 200 tons per day, and represented 
from 6 to 8 per cent of the furnace feed. The efficiency slightly exceeded 
95 per cent on copper and just under this figure for total dust. Rapping 
was most effectively accomplished by air hammers operating against the 
lower edges of the pipes. The eight units were served by eight power 
units, each with synchronous-motor rectifier and 15-kva. transformers. 
The potential at the electrodes approximated 65,000 volts. This Cottrell 
is not now in service because the smelter is no longer in operation. 
Calumet and Arizona Mining Co.—In 1924, the Calumet & Arizona 
Mining Co. at its Douglas smelter placed in operation a precipitator to 
take the gases from the multiple-hearth roasting plant. The precipitator 
was designed for a gas volume of 500,000 cu. ft. per min. at 500° F. It 
consists of five units of the plate type in parallel, each unit of four sections 
or banks of plates in series, each section of 25 plates (24 ducts or gas 
passages), each plate 8 ft. long and 10 ft. 8 in. high. Spacing between 
plates is 6 in. The discharge electrodes are horizontal 3g-in. square 
twisted rods. Electrical requirements are supplied with eleven 25-kva. 
synchronous-motor power sets, the maximum voltage rating for the 
transformers being 45,000 volts. Operating voltage approximates 
35,000 volts. The efficiency of copper collection exceeds 95 per cent, 
and the total dust collected amounts to 3 per cent of the roaster feed. 
American Smelting and Refining Co.—At the Hayden smelter of the 
American Smelting & Refining Co., in 1920, the original dust chamber 
was divided by three longitudinal partition walls to form flue sections for 
a precipitator of four units, operating all in parallel.° Hach precipita- 
tion unit contained four sections of screen collecting electrodes, and each 


nd 
- 


310 RECOVERY OF SUSPENDED SOLIDS FROM FURNACE GASES = 


section consisted of five pairs of grounded screens placed across the 
chamber at right angles to the gas flow; i. e., the gases flow through the 
screens. The two screens to a pair are placed 6 in. center to center, 
with a vertical system of wire discharge electrodes between them. 
There is a space of 12 in. between the screens of adjacent pairs. Each 
screen is 8 ft. 6 in. wide, and 12 ft. 6 in. high, enclosed in an angle-iron 
frame. ‘The screen material is No. 8 iron wire, with meshes 214 by 24 in. 
The inlet temperature varies from 100° to 350° F., the gas volume from 
12 multiple-hearth roasters approximates 190,000 cu. ft. per min., and 
the usual operating potential is 24,000 volts. As the acid content of the 
collected dust is unusually high (which results in an appreciable corrosion 
problem), owing largely to the unavoidable low operating temperature, 
the collection efficiency is above the average and is well over 95 per cent. 

United Verde Copper Co.—Precipitators of the pipe, plate and chain- 
curtain (later replaced by a rod-curtain) types were installed at the 
United Verde Copper Company’s smelter at Clarkdale, Ariz., in 1922, - 
and handled the gases as mixed from 24 multiple-hearth roasters, three 
blast furnaces and five converters.°” 

The pipe precipitators have exposed pipes, and down draft and the 
plate precipitators are similar in construction to those at Tooele, with 
horizontal discharge rods and vertical corrugated plates, the gases 
passing horizontally between the plates; i. e., parallel flow type. Later 
these corrugated plates were replaced by 1<-in. standard pipe curtains, 
and more recently in part by 3¢-in. rods. The third form of precipitator 
approximated the transverse. screen type in service at the Hayden 
smelter, and originally consisted of a series of vertically hung chain 
collecting electrodes with the gases passing through the electrodes; i. e., 
transverse flow. Later the transverse chain collecting electrodes were 
replaced by rods of 14-in. standard pipe. 

The United Verde mine ore at times carries as much zine as copper, 
and as a result the converter and blast-furnace gases carry appreciable 
quantities of zinc fume and therefore the Cottrell deposit is not as 
readily conducting as at several other Arizona plants. 

The pipe precipitator at this smelter is arranged in two units, each 
unit with an independent flue system connecting to the main inlet and 
outlet flues of the plant. Each unit flue system supplies gas to and 
receives gas from six pipe sections, and each pipe section consists of 
120 tubes, 12-in. diameter by 16 ft. long; a total of 720 tubes per unit or 
1440 tubes for the two units. Inlet and outlet cone dampers are pro- 
vided on the individual sections, and large slide dampers for major plant 
control on the unit flue connections to the main inlet and outlet flues. 
Rapping is effected by an upward hammer blow against projections on the 
sides of the pipes. The gas volume passing to these pipe precipitators 
approximates 430,000 cu. ft. per min. at an outlet temperature of 346° F. 
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Collection during 1929 averaged 76.9 tons dust per day, averaging 
7 to 8 per cent copper. Four motor-generator rectifier sets with 25-kva. 
transformers supply electrical service, commonly operated on the 
62,500-volt transformer tap. 

The plate precipitator consisted of three parallel units, each unit of 
three sections of plates in series, each section of 17 plates (16 ducts or 
gas passages) spaced 8 in. center to center. The original collecting 
electrode plates were of corrugated iron 12 ft. high and 14 ft. long, and a 
system of horizontal 3-in. square twisted-rod discharge electrodes, 
17 per duct, was provided. The gas volume for the combined through- 
put of the three plate units averages 238,000 cu. ft. per min. at an outlet 
temperature of 347° F. Efficiencies of 92 per cent and above are secured 


Fig. 5.—INTERIOR OF ELECTRICAL CONTROL ROOM FOR COTTRELL PLANT, UNITED 
VERDE CoppER CoMPANY. 


on copper, the collection in 1929 averaging 28.6 tons of dust per day, 
with an electrode potential of 50,000 volts. As corrosion and warping 
of these large plates developed, they were gradually replaced by rod 
curtains, consisting of 1g-in. standard iron pipes on 2-in. centers, and 
supported in a suitable framework. 

The transverse flow precipitator also consists of three units in parallel, 
with each unit of three sections in series. Each section or bank contains 
10 sets of electrodes in series, each electrode set consisting of two (a pair) 
vertically hung collecting-electrode transverse curtains of )¢-in. standard 
iron pipe. Each collecting electrode consists of 42 vertical 1¢-in. standard 
pipes 15 ft. 614 in. long, spaced 234 in. on centers. These two collecting 
electrodes to a set are spaced 8 in. apart and between them is placed a 
discharge-electrode frame holding horizontal 14-in. square twisted 
discharge rods. The discharge electrodes are spaced on 6-in. centers 
vertically, there being 33 rods perframe. Between the adjacent grounded 
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screens of two sets of electrodes the spacing is 1134 in. There are thus 
in the three sections in series a total of 30 electrode sets and for the three _ 
units a total of 90 discharge electrodes and 90 pairs of transverse screen- 
type curtain collecting electrodes. Each transverse flow unit is supplied _ 
with electrical energy from an individual motor-generator rectifier set 
and 25-kva. transformer, the high-voltage connections being to the 
: 50,000-volt tap. 

The over-all efficiency of dust collection for the combined plant of two 
units of pipes (12 sections), three parallel flow units (three banks in series) 
and three transverse flow units (three banks in series), during 1929 was 
for copper, 91.5 per cent; on dust the parallel flow units were 2 per cent 
higher, the transverse 1 per cent higher than on the pipe units. On 
copper collection the parallel-flow units were 2 per cent, the transverse- 
flow units 6 per cent higher than on the pipe units. The power house or 
Cottrell substation is equipped with 12 motor-generator rectifier sets, 
two sets being in reserve as spares (Fig. 5). 7 

-United Verde Extension Co.—A rod-curtain precipitator is also in 
service at the smelter of the United Verde Extension Co. at Clemenceau, 
Ariz. The gases discharged from six multiple-hearth roasters pass to a 
two-unit precipitator of the rod-curtain type. Each unit consists of two 
sections in series, each section of 13 rod-curtain plates (12 ducts or gas 
passages), each rod curtain being built up on series of 1¢-in. standard 
pipes on 114-in. centers, 33 pipes forming a curtain, the equivalent of a 
plate 4 ft. 2 in. long by 11 ft. 6 in. high. The spacing between curtains 
is 6 in., the precipitator voltage is approximately 35,000 volts sup- 
plied from one 15-kva. Cottrell power set. The gas volume averages 
70,000 cu. ft. per min. at an outlet temperature of 157° F. The collec- 
tion is 7 to 9 tons per day of 9 per cent copper, with efficiencies of 85 to 
90 per cent on copper. 


Canada 


The smelter installations built in Canada during the past six years 
have embodied the rod-curtain Cottrell. This form of electrical precipi- 
tator has found application in lead smelters as well as in the field of 
industrial plants such as cement, powdered-fuel ash and so forth. 

In substance it is the replacement of a plate by a framework carrying 
a series of rods, commonly 1-in. standard iron pipe tubes, on 2-in. 
centers, so that while the rods are rigidly guided to form a flat grid, they 
are free to move vertically under the rapping action or expand freely: 
under temperature changes,.thus giving a collecting plate from which 
the dust may be removed with ease, and which is free from buckling effects 
and warping under temperature changes. It is also favorably designed 
for ease of installation and repairs and for replacement where corrosion 
has occurred. In the later plants the formerly used discharge wire with 
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its weight for tension has been replaced by square twisted lé-in. bars, 
without weights. 

The rod curtains are commonly 8 ft. long (in the direction of gas flow) 
and carry forty-eight 1é-in. standard pipes on 2-in. centers, and vary in 
length from 12 to 18 ft., and even to 24 feet. 

Noranda Smelter.—At the Noranda smelter at Quebec, Canada, the 
gases from eight multiple-hearth Wedge roasters handling a feed of 
250 to 300 tons per day per roaster pass into six Cottrell units, each unit 
consisting of three sections or banks of rod curtains in series.“*? 3) Kach 
section carries 16 rod curtains (15 ducts or gas passages), the rod curtains 
functioning as plates being 18 ft. high by 7 ft. 4 in. long, and made up 
of lg-in. pipes spaced 114 in. apart. The discharge electrodes are 


Fic. 6.—INTERIOR OF ROASTER COTTRELL INSTALLATION AT NorAnDA Minzs, Lp. 


1é-in. square twisted steel rods suspended at 8-in. intervals, between the 
collecting electrodes. Twelve 25-kva. synchronous-motor electrical sets 
are connected to the six Cottrell units, and the substation containsa 
thirteenth unit as a spare. The gas volume approximates 450,000 cu. ft. 
per min. at 900° F. at the inlet to the Cottrell. (Fig. 6.) 

At the converter plant two similar but somewhat larger units (18 
ducts per section) handle 200,000 cu. ft. of gas per min. at 300° to 400° F. 
At this gas rating both precipitators have an efficiency of 95 per cent on 
copper. More recently the converter gas volume has increased to 
350,000 to 400,000 cu. ft. per min., and under this heavy overloading 
efficiency of dust recovery varies from 65 to 70 per cent. 

International Nickel Co.—Similar units are in service at the plant of 
the International Nickel Co. at Copper Cliff, Ont.“ (Fig. 7). 
This precipitator comprises seven units, three sections long, each 
unit of 18 ducts, taking the gases from 30 roasters. A test with 
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15 roasters providing a gas volume of approximately 400,000 cu. ft. of gas: 
per min. at 620° F. and four units of the precipitator in service, gave a 
copper-nickel collection efficiency of 97 to 98 per cent. The Cottrell 
substation is provided with fifteen 25-kva. power units. . 
Hudson Bay Mining and Smelting Co.—At the Hudson Bay Mining | 

and Smelting Co. smelter at Flin Flon, Manitoba, units similar to those 
at Noranda are installed in three Cottrell plants, all served from acom- __ 
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Fig, 7,—Cor?re.t INSTALLATION, INTERNATIONAL NICKEL ComPaANY. 


mon power house. Two units three sections long, 11 ducts per section, 
are on the gases from the multiple-hearth copper roasters, two units of the 
same size are on the gases from the multiple-hearth zinc roasters, and two 
units three sections long, with 15 ducts per section, are on the converter 
gases. In the latter, construction has been provided to permit ready 
expansion by addition of two more sections in series to the three installed, 
if and when the zinc-fume discharge from the converters lowers the con- 
ductivity of the dust and gases, or if a higher efficiency is desired. 


South America 


In South America Cottrell precipitation plants are installed at the 
Braden Copper Co. plant, at Caletones, Chile,” the Andes Copper Co, 
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plant at Potrerillos, Chile,‘ and the Cerro de Pasco Copper Corporation 
plant at Oroya, Peru. The newest unit at the latter plant utilizes the 
rod-curtain type of construction with rod curtains 24 ft. high. 

Cerro de Pasco Copper Corporation.—At the plant of the Cerro de 
Pasco Copper Corporation, a new precipitator functioning as an arsenic 
(crude As.O3) collector was placed in operation in 1932 (Fig. 8). This 
new precipitator receives the gases after they have passed through the 
hot precipitators at the roaster plant and have been cooled to a tempera- 
ture of approximately 120° C. It consists of three units, each unit 
three sections long, each section of 16 rod curtains (15 ducts), each curtain 
being 8 ft. wide and 24 ft. long. Rods are of !4-in. standard pipe spaced 


Fig. 8.—CERRO DE Pasco Copper CoRPoRATION’S 24-FT, ROD-CURTAIN UNITS. 


on 114-in. centers. The spacing between curtains is 8 in., and the 
discharge electrodes, vertically placed, are of lg-in. square twisted bar. 
The precipitator handles a gas volume of 300,000 cu. ft. per min. at 120° C. 
with efficiency on dust and fume collection of 97 per cent. Ten tons 
of crude arsenic-bearing dust is collected daily. The high-potential 
electrical supply is provided by 10 sets of 25-kva. capacity, one set 
serving as a spare, and both altitude and the characteristics of the deposit 
tend to reduce the maximum operating potential to about 35,000 volts. 


ELECTROLYTIC REFINING 


Since the copper smelters of the West as well as those in Canada and 
South America treat ores containing gold and silver values, electrolytic 
refining of the converter product is required. From the furnacing of the 
refinery products gold and silver values are discharged with the exit 
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furnace gases. Practice for the recovery on these furnace gases com- — 


monly provides a scrubbing, followed by a lead-pipe precipitator. The 
latest precipitators for this service are the plants at El Paso refinery of 
the Nichols Copper Co. and at the Montreal East refinery of the Canadian 
Copper Refiners, Limited.“ 

The former was placed in operation in 1930 and consists of two 30-tube 
lead-pipe units. Four pipes are 11 in. in diameter by 12 ft. 6 in. long, 
and 26 pipes are 8-in. diameter by 12 ft. long. The gas volume is 4000 
cu. ft. per min. at 150° F. with an efficiency on gold and silver recovery 
of 98 per cent. Framework and supports are of steel, lead-covered where 
in contact with the gases, and supporting the sheet-lead work of gas 
inlet and outlet headers, and the lead electrode system. The discharge 
electrodes are of star-shaped lead-covered iron wire, supplied with a 
high-potential current from one 15-kva. Cottrell power set. 

The plant at the Montreal East refinery* takes the gases from two 
doré furnaces and one Herreshoff slime roaster, and after the gases have 
passed through settling-flue chamber and scrubber they enter a lead-pipe 
precipitator consisting of two units of 22 ppes each. In each unit 
there are 20 pipes 8 in. in diameter and 12 ft. long, and two pipes 11 in. in 
diameter by 12 ft. 6 in. long. The gas volume approximates 3200 cu. 
ft. per min. at a temperature of 125° F., and electrode voltage of about 
50,000 is provided from one 15-kva. synchronous-motor power set. The 
efficiency for gold and silver collection is on the order of 99 per cent. 


APPENDIX.—Norrs on MatTHEeMATIcAL ForRMULAS OF SUSPENDED 
Dust SEPARATION; WITH DIAGRAMS AND PLots; 
ALSO SULFUR PROBLEMS IN METALLURGY 


Diagrammatically, a Cottrell process precipitator is shown in Fig. 9. 
The nomenclature commonly used in discussing electrical precipitation is 
illustrated in Fig. 10. 

Anderson submits equations for the gravitational effect in settling 
chambers, effect of inertia in baffled movement of gas, and the combined 
gravitational and inertial effects in baffled dust chambers, as follows: 


gd*p 
v= in [1] 


where v is the velocity of the particle with respect to the gas, 
dis the diameter of the particle, 
p is the density of the particle, 
g is the acceleration due to gravity, 
7 is the viscosity of the gas, 
k is the constant. 


* See Fig. 8 on page 363 in paper by H. 8S. McKnight. 
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where w is the angular velocity of the gas and suspended matter, 
y is the radius curvature of the path described by the gas, 
k is a constant. 
For baffled settling chambers where both gravitational and centrifugal 
forces are at work, these two formulas may be combined to yield the 
following equation: 


where L is the length of the settling chamber, 
V the gas velocity, 
D the distance the particle moves out of the gas stream, 
2 
k. is a constant equal to « 
Electrical precipitators for a number of years were designed entirely 


from a set of empirical factors developed from experimental plant data. 
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Later Anderson(2*33:30 and Horne developed a formula of precipitator 
operation that permits all types of precipitators to be expressed in terms 
of one another and also permits the development of constants for design 
in any type of precipitator from the data accumulated by test work, 
pilot-plant work and actual plant operation. Likewise it provides a 
means of designing for any desired degree of plant efficiency. 

The equation of precipitation“® is given as follows: 


iF = CK [4] 
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where # = precipitator efficiency, 
t = time of treatment, 
C = type of precipitator, 
K = constant expressing the precipitation characteristics of gas, 
suspended and precipitated layer of fume or dust. 
Precipitation efficiency is a logarithmic function of the time the gas 

is in the precipitator, and time of contact t may be expressed by the 
effective electrode length L divided by the gas velocity in the precipitator. 
The equation therefore, may be written 


t— E = cK” [5] 


Whence L/V log CK = log (1 — F) 

From equation 5 it is evident the size of precipitator for a given set 
of gas conditions rises at an accelerating rate as the approach is made to 
100 per cent, and doubles from 90 to 99 per cent, therefore it follows that 
for every installation there is an optimum size. A. A. Schmidt >?” has 
developed a formula for the most economical precipitation plant as follows: 


hale 
Se log d [6] 


where a is the gas volume treated, 
b is a function of the unit cost of precipitator, rate of interest and 
depreciation and cost of labor and power, 
c represents the value of the solids carried by the gases, 
dis a function of the specific precipitation rate for the fume 
considered, 
x is the optimum size of the precipitator. 
Regarding the equation of precipitation, W. A. Schmidt“® makes the 
following comment: 


It should be emphasized that these equations pertaining to precipitation efficiency, 
apply only while normal precipitation is being performed. If a porous dielectric is 
accumulated upon the electrodes, and back ionization is established, normal precipi- 
tation is interfered with and these equations can no longer hold. It should also be 
emphasized that the precipitation constant is in itself a variable and that its value is 
only constant for a specific set of fume and gas conditions, and shifts with changes in 
gas composition, temperature, fume composition, fume concentration, physical state 
of sub-division of dust and fume, etc. 


Horne® illustrates (Figs. 11 and 12) typical wiring connections for 
motor-generator and synchronous-motor electrical precipitation power 
sets. Potential between discharge and collecting electrodes which can 
be maintained with point or wire (a) negative and (6) positive, is illus- 
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trated by Fig. 18. anaes efficiency with voltage carrying up 


to the maximum is shown in Fig. 14. 
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TRODE: (@) NEGATIVE, (b) POSITIVE. 


While American copper smelters up to the present have not entered 
the field of commercial recovery of the sulfur in their furnace charge as 


100 


elemental sulfur, it is a problem 
upon which much work has been 
done and in Europe has now 
reached commercial operation in 
one or more plants.4? The 
problem may be divided into two 
parts: (1) the recovery of the sul- 
fur in its elemental form direct 
from furnace operations, that is, 
without passing through the 
formation of sulfur dioxide, and 
(2) the reduction of sulfur dioxide, 

S. W. Young,4? W. A. 
Hall‘¢® and others have worked 
on the reduction of sulfur 
dioxide by reducing oil gases, 
water gas, carbon monoxide and 
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coke, sometimes with and some- nrrictmNcy WITH INCREASING VOLTAGES UP 
TO MAXIMUM. 


times without catalytic agents. 


While as a matter of scientific fact reduction of sulfur dioxide is not diffi- 
cult, there is a good deal of difficult work ahead for our metallurgists 
before the problem is solved for a commercial operation, defining com- 


the market value. It may be noted that elemental sulfur fume 
proper humidity and temperature control is readily and satisfactorily 
collected by Cottrell equipment. 
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Production of Arsenic Trioxide at Anaconda 


By Louis V. BenDER* AND Haroip H. Gor,{t ANaconpA, Mont. 


THE recovery of arsenic was started at the Washoe Reduction Works 
(later called the Anaconda Reduction Works) in 1904, when an arsenic 
plant was constructed adjacent to the lower end of the 60-ft. main flue.! 
This plant originally consisted of a Brunton roasting furnace for treat- 
ment of flue dust and a small reverberatory furnace for treating the 
crude arsenic produced in the roasting operations, together with the 
necessary kitchens for condensation of the fumes and grinding and 
barreling apparatus for preparing the refined white arsenic for 
market. 

The Brunton furnace was fired with wood. It was 14 ft. 6 in. in 
diameter with two outside fireboxes. The hearth revolved upon a 
central shaft. The charge was fed through a dust-tight hopper on to 
the center of the hearth and slowly moved to the outer edge of three 
rows of stationary rabbles fastened in the roof of the furnace. There 
was a 3-ft. space between the hearth and roof. A crude arsenic was 
condensed from this furnace. 

The hot flame from the fireboxes passed directly over the charge, 
vaporizing the AsO; that was carried through brick flues to the con- 
densing chamber. This chamber was 8 ft. high, 16 ft. wide and 240 ft. 
long, divided into small kitchens by partitions spaced every 7 ft. It 
was connected with the main flue system to provide draft and to receive 
any losses from the chamber. The small kitchens were connected by 
openings in such a way that the fumes took a zigzag course, causing them 
to come in contact with the cold walls and ceiling and condense the 
arsenic. There was an opening from the outside into each kitchen, 
for the removal of the deposited arsenic, which was closed by a 
wooden door. 

The refining furnace was a small coke-fired reverberatory having a 
hearth 10 by 20 ft. in dimensions. It had three hoppers through which 
the crude charge was introduced, and one firebox placed at one end. 
The hot gas from the burning coke passed over the charge, volatilizing 
the arsenic and carrying it to the kitchens. 


* General Superintendent, Anaconda Reduction Works. 
{ Superintendent of Smelting, Anaconda Reduction Works. 
+A more detailed description of the early Anaconda arsenic plant may be found 
in an article by J. O. Elton: Trans. A.I.M.E. (1913) 46. 
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The residue from both the roasting and refining furnaces was sent 
to the copper reverberatories for recovery of the copper, gold and silver 
contained therein. 

During 1915 two furnaces similar to those now in use, fired with coke, 
were installed for both the roasting and refining operations. 

In 1917, it was decided to construct Cottrell treaters and a rever- 
beratory furnace in connection with the building of the present stack. 
The treaters consisted of four units of five treaters each, the dust so 
collected to be treated in a reverberatory furnace. The gases from 
the reverberatory were treated in a special hot treater to remove most 
of the dust, then in a cold treater to deposit a high-grade crude arsenic 
before the gases were discharged through the stack. The crude from 
these treaters ran about 75 per cent arsenic and was treated direct in the 
refining furnaces for the production of refined white arsenic. This 
method was used until 1922, when this 75 per cent crude was taken to 
roasters where a high-grade crude was produced for the refining plant. 
These roasters were McDougall copper furnaces altered as described later 
in this paper. 

In 1924, water sprays were being used to cool the reverberatory gases 
before they entered the treaters. Of 500 tons of water used per day, 
400 tons was vaporized, while the remaining 100 tons, heavily laden with 
dust and arsenic, seeped from the bottom of the flue and was settled in 
ponds. This gave a good settlement and a clear overflow, but the over- 
flow contained about 314 tons of arsenic. Several schemes were tried to 
recover this arsenic, but the most feasible scheme, and the one used, was 
to filter the entire amount in a Shriver filter press, send the cake to the 
arsenic roasters and use the filtrate as part of the original spray water. 

In July, 1927, with the introduction of selective flotation at the 
concentrator, the stack reverberatory was abandoned. 

In 1931, when gas was brought to Anaconda, the firing of the roast- 
ers was changed from pulverized coal to gas, and of the refining furnaces 
from coke to gas, which has proved to be an ideal fuel for both of these 
operations. Since that time, the operations have been as outlined later 


in this paper. 


Tur PRESENT PLANT 


The present arsenic plant, aside from the main flue system and 
Cottrell treaters at the stack, consists of the following: 

In the old McDougall roasting building, four 16-ft., six-hearth fur- 
naces have been remodeled. Each one is equipped with a dust-tight, 
two-compartment feed hopper. A Link-belt pan conveyor entirely 
enclosed under this hopper conveys the feed to the furnace. Individual 
gates on each compartment permit almost any proportion of the different 
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feeds desired. A second hopper permits feeding coal or flotation con- 
centrates to aid in the reduction of arsenates. The furnaces are fired 
with gas directly through the shell on the third and fifth hearths. The 
residue discharges from the outside of the sixth hearth to hoppers and 
thence to cars for delivery to the reverberatory department, or to be 

stock-piled and later sold for its lead and bismuth contents. 

Each of these furnaces discharges its gases, laden with arsenic and 
some dust, to three condensers operated in series. These condensers 
are adjacent furnaces from which the intermediate hearths have been 
removed and in which baffles have been placed down the centers, leaving 
the roofs and sides intact and the arms and rakes operating on the sixth 
hearth. The last condenser in each series is connected through a cross 
flue to the McDougall dust chamber and thence to the main flue. 

The refinery consists of two gas-fired reverberatories (12 by 34 ft.) so 
arranged that either one can discharge its gases to any one of the three 
rows of kitchens. x 

The crude arsenic is delivered from the roasters in cars and these are 
discharged into a small bin which in turn feeds an elevator that discharges 
to a screw conveyor running lengthwise of the furnace. Five hoppers 
down the center of the furnace discharge the crude arsenic to the hearth 
of the furnace. 

The grinding and barreling plant consists of a small bin directly over 
a screw conveyor to which the refined arsenic is delivered from the 
kitchens by wheelbarrows. The screw conveyor delivers to an elevator 
that discharges to a Hum-mer screen, the undersize going directly either 
to barrels or to the Dracco apparatus for bulk shipment. The oversize 
goes to a Sturtevant vertical Rock-Emery mill and from there to a screw 
conveyor that delivers to the original elevator, thereby forming a 
closed circuit. 

All points at the refinery where there might be leakage of dust or 
fume are enclosed and are connected to an exhaust fan that discharges 
into the main flue. 

The barrels are filled by a bumping apparatus consisting of a cylinder 
and necessary valves operated by compressed air. A leather connection 
from the bin makes an airtight connection to the barrel. 

In the lower portion of the bin just above the leather boot is a 4-in. 
pipe slotted on top and leading to the Dracco apparatus. This arrange- 
ment makes it very simple to change from barrel to bulk loading. All 
that is necessary is to start either one and leave the other inoperative. 

The Dracco apparatus for bulk loading is standard apparatus, except 
that instead of the small collecting tank with rotary lock there is a large 
tank of 35 tons capacity with a plug valve at the bottom. This tank is 
elevated high enough over a railroad track so as to permit the loading of 
the largest tank car. Air jets in the cone of the tank, to loosen the 
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contents, make it possible to drop the entire load into a tank car in 
10 minutes. 


Tur Procrss 


Dust from the main flue is put into two large storage bins and from 
there trammed to the roaster plant. The resultant crude is usually 
not of high enough grade for the refinery and is held either in cars or bins 
until enough has accumulated for a re-run campaign. The low-grade 
crude is mixed with main flue dust (usually from the 120-ft. flue), using 
the two-compartment hopper in such proportions as to give a feed running 
55 to 60 per cent As,O3. The crude from this run usually contains 
93 to 95 per cent As,Os, and is suitable for the refinery. 

Dust from the Cottrell treaters at the stack is delivered directly to 
the roasters in standard bottom-dump railroad cars. This dust is so 
light that a 50-ton car holds only 15 tons of dust. It constitutes the 
main arsenic supply, and is the best feed to the arsenic roasters. Mixed 
with coal or flotation concentrate for reduction, it gives a residue seldom 
containing over 5 per cent arsenic and a crude assaying 95 to 99 per 
cent arsenic. 

The refining operation is a batch process. Starting with a clean hot 
furnace, the floor is first covered with a thin layer of sand. This prevents 
the sticking of the residue to the hearth. Then 1/4 to 2 tons of high-grade 
crude is charged and leveled off, the furnace is closed and the gas burners 
regulated to maintain 950° F. in the gases as they leave the furnace. The 
charge is cooked until, by inspection, the arsenic is mostly volatilized. 
In a slow-cooking charge, the arsenic on the hearth may be lifted and 
broken up to expose new surfaces. When finished, another charge of 
114 to 2 tons is dropped and the operation repeated. Most of the charge 
is dropped from the first three hoppers; about three charges a day from 
the fourth and only one per day from the fifth. 

At the end of 24 hr. the residue remaining on the hearth is worked 
to the end of the furnace, where it drops into cars to be taken to the 
copper reverberatories. 

Usually only one refining furnace is in operation at one time and will 
produce 20 tons of refined arsenic per day. One row of kitchens will 
hold about 200 tons and is emptied by wheeling the arsenic to the grind- 
ing apparatus where 25 tons in 8 hr. is the usual capacity, whether to 
barrels or in bulk. 


The Anode Department of the Noranda Smelter* 


By W. B. Boaest anp J. N. Anprerson,{ Noranpa, QUEBEC 
(New York Meeting, February, 1934) 


ORIGINALLY, the copper produced at the Noranda smelter was shipped 
in the form of blister bars to the Laurel Hill refinery of the Nichols Copper 
Co., New York. In 1930 a refinery was built at Montreal East to refine 
Noranda copper and copper from the Hudson Bay Mining & Smelting 
Co., at Flin Flon, Manitoba. 

After investigation of the probable costs of making anodes at Noranda 
and at Montreal, it was decided to make them at Noranda rather than 
to continue to make blister bars there. Fuel is a major item of expense 
in making anodes, and since less fuel would be required in making them 
from molten copper than from blister bars, a lower anode-furnace cost 
could be expected at Noranda than at Montreal. Further, the expense 
connected with making blister bars at Noranda would be eliminated. 
The cost of treating anode and wire-bar furnace slags is a serious item in a 
refinery, and it was found that the cheapest method would be to ship such 
slags back to Noranda. With the anode furnace at Noranda, much less 
anode-furnace slag would be made at the refinery. 

Against these savings effected by making anodes at Noranda must be 
set the high operating cost of an anode furnace at Montreal, using only 
tank-room scrap and the Flin Flop copper. This furnace would be 
handling a comparatively small tonnage and would have a high cost 
per ton. 

The usual equipment for making anodes from liquid copper consists 
of either a stationary reverberatory furnace or a tilting Tacoma-type 
furnace together with an anode wheel of the Clark or Walker type. The 
reverberatory type of furnace has been developed from the furnace used 
in the old Welsh process of smelting and refining copper, while the tilting 
furnace is a development of the holding furnace, which is essentially a 
Peirce-Smith converter without tuyeres and provided with burners. 

Refining as carried out in either of these furnaces is a batch process; 
that is, several converter charges are accumulated and then refined and 
cast. Colonel H. H. Stout recently developed in Arizona a so-called 


* Reprinted in large part from a paper of the same title, by W. B. Boggs, J. N. 
Anderson and R. J. Westwood, Canadian Min. & Met. Bull. (April, 1932). 
+ Smelter Superintendent, Noranda Mines, Ltd. 
t Assistant Smelter Superintendent, N oranda Mines, Ltd. 
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continuous process of refining. The equipment consists of three cylindri- 
cal vessels lined with a basic refractory and well insulated, each vessel 
being of sufficient size to hold one converter charge of copper. Two of 
the vessels are stationary, while the third runs on rails along the length 
of a number of stationary molds. Refining is done in the two stationary 
vessels, which are heated by oil burners, alternate vessels being used for 
successive converter charges. When a charge has been refined, it is 
transferred into the third or casting vessel, from which the copper is 
poured into the anode molds. The refining and casting vessels are tilted 
by means of hydraulic rams. Enough molds are provided to hold all 
the copper from one charge. The advantages claimed for this method 
are savings in fuel, poles and labor, as well as better casting results due 
to the use of stationary molds. 

In the early part of 1930, J. R. Bradfield, plant engineer, and one of 
the writers visited several smelters and refineries in the United States, 
and made a study of the three methods of making anodes: (1) using a 
reverberatory furnace with anode wheel; (2) using a Tacoma-type furnace 
with anode wheel; (3) the Stout process. The result was a decision to 
install a reverberatory furnace with a Walker wheel. The Tacoma-type 
furnace did not appear to have any great advantage over the reverbera- 
tory furnace and had the disadvantage that it is difficult to work charges 
of impure copper. 

In order to keep down the capital cost, it was desired to put the anode 
equipment in the space originally occupied by one of the blister-casting 
machines and part of the shipping aisle. It was found that this would be 
possible with a reverberatory furnace and wheel, but that the continuous 
system, with its three vessels and a long row of stationary molds, would 
require expensive alterations and extension to the existing buildings. 
Further, since the converters in use at Noranda are large Peirce-Smith 
converters, the vessels required would be very large and expensive. In 
addition, this method did not seem to be suited to handling copper with 
many impurities to be eliminated. Noranda copper is very low in 
impurities, but it was felt that future possibilities must be taken care of, 
either with depth development in the mine or from custom material. 
The low operating costs that might be expected with the continuous 
system did not seem to justify the higher capital cost of the equipment 
and the other disadvantages. 

Fig. 1 shows the general arrangement of the anode department with 
its relation to the rest of the smelter. Molten blister copper is trans- 
ferred from the converters to the anode furnace by the same cranes that 
serve the converters. There is one anode furnace designed to hold 
150 tons. At present, because of alterations, the capacity is 120 tons. 


Space was provided for a second similar furnace should copper production 
be increased. 
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The refined copper is tapped from the furnace and runs through a 
launder into a small ladle, from which it is poured into the molds on the 
casting machine or anode wheel. The anodes are cast one at a time, the 
wheel being brought to rest with a mold under the ladle, and the ladle 
tilted by an air cylinder. As the wheel rotates, the anodes are cooled by 
water sprays and then lifted off into a bosh. From the bosh, the anodes 
are taken to the shipping platform where they are inspected, trimmed and 
loaded into box cars. A 10-ton overhead crane operates the full length 
of the shipping aisle and is used for transferring anodes from the bosh to 
the platform, for handling molds and for bringing poles and other supplies 
to the anode furnace. 

The design and the construction of the anode department were directed 
by J. R. Bradfield. No essential changes have been made to the original 
design, except for the furnace bottom and side walls, where changes were 
necessitated by the failure of the silica-brick bottom. 


ANODE FURNACE AND CastTING WHEEL 


The anode furnace is built on a concrete base supported on piers, so 
that there is an air space underneath. The side walls up as far as the 
metal line are reinforced by heavy cast-iron plates. The buckstays are 
set at intervals of from 3 to 4 ft.; tierods are provided at the top and bot- 
tom of the buckstays and are kept at a constant tension by springs; the 
bottom tierods run through pipes set in the concrete base. Springs on 
the tierods of an anode furnace are a great advantage, as they do away 
with the necessity of adjusting the tierods when heating or cooling 
the furnace. 

In the original construction the top of the concrete base was made 
concave and the brick bottom built as an inverted arch. Two layers of 
fireclay brick, 414 in. and 9 in. deep, respectively, were laid first; on top 
of this was spread a 1-in. layer of silica sand. On this was laid a course 
of 9-in. silica brick and then a course of 15-in. silica brick, these courses 
being laid as inverted arches. The method of tying in the bottom to the 
side walls is similar to the practice followed in the Michigan copper 
furnaces. The side walls to a point 3 in. above the metal line were built 
of magnesite brick, 1914 in. thick and faced on the outside with 414 in. of 
silica brick. From this point up to the skewbacks, the side walls were of 
silica brick, 21 in. thick. The arch was of 15-in. silica brick throughout, 
except at the verb, where chrome brick was used. The uptake was 
built of fireclay brick. The bridge wall was built of magnesite brick 
and the firing wall of fireclay brick. 

As shown in Fig. 2, the original construction of the furnace has 
undergone several changes. A basic monolithic bottom, a description of 
which will be found later in the article, has replaced the former silica 
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The inside dimensions of the furnace are 28 ft. 3 in. from bridge wall 
to the front and 11 ft. across at the widest point. The arch is com- 
paratively low, since only liquid copper is charged into the furnace. 

The furnace tapping slot is close to the front end of the furnace and the 
bottom is sloped so that the lowest point is at the slot. The drop in 


om. the tapping slot to the end is 12 in. and the end of the 
ft. 11 in. above the top of the molds on the wheel. 
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It is operated by a balanced air hoist 


1000 lb. of molten copper. 
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cylinder of which is 5 in. in diameter with a 48-in. stroke. When the ladle 
is in the pouring position, the top edge of the lip is 6 in. above the casting 
surface of the mold. The lip of the ladle is 30 in. wide and the mold is 
36 in. wide inside. The stream of copper strikes the mold 12 in. from its 
lugend. The bridge in the ladle is made of firebrick keyed in place and is. 
114 in. above the bottom of the ladle and 14 in. from the lip. 

In most anode plants, the furnace is on the floor level and the wheel 
is in a pit. Although this is convenient, it has serious disadvantages; 
it is difficult to drain the pit and, should the copper break out of the 
furnace and come in contact with the water, there would be a dangerous 
explosion. The furnace at Noranda was set well above the floor level 
and the floor was provided with plenty of slope to give drainage. 

The casting wheel is of the Walker type, with several modifications and 
improvements suggested by an inspection of the various types of wheels 
in use at anode plants in the United States. To obtain good casting 
results, it is essential to have a positive method of drive, smooth accelera- 
tion and no backlash. In the wheel as installed, a 15-hp. motor drives a 
vertical pinion through a horizontal and a vertical speed reducer, the 
pinion engaging a gear on the inside of the main wheel casting. Two 
guide pinions were provided, fitted with brakes operated by an air 
cylinder and controlled by a pedal at the operator’s platform, but it has 
been found that the brakes are not necessary. This method of driving 
the wheel has proved entirely satisfactory. The wheel has an outside 
diameter of 33 ft. and weighs, without the molds, 69 tons. There are 
22 molds, weighing 6300 lb. each, so that the total weight of the machine 
and molds is 138 tons. 

When anodes are being cast, the copper runs continuously from the 
furnace into the pouring ladle. The wheel is brought to rest with a mold 
under the ladle and copper poured into the mold by tilting the ladle. 
When the mold has been filled to the proper depth, the ladle is tilted 
back and the wheel rotated so that the next mold is brought under the 
ladle. The anodes are cooled by water Sprays set over the molds, 
beginning at a point four molds from the pouring ladle. The spray pipes 
are set tangentially to the circumference of the wheel, and a vapor hood 
connected to a suction fan is set over the sprays. 

Preparatory to transferrence of the anode from the wheel to the 
bosh, the lug end is raised about 8 in. from the mold by a special 
lifting mechanism, set about two-fifths of the circumference of the 
wheel from the pouring ladle. The requirements for this device are 
that it be entirely automatic in operation, positive in action, and that 
it must not distort the anodes even when they have a tendency to stick 
to the molds. 

The design of the device used was adapted from a similar one in use at 
another plant. Each mold is east with two countersunk holes in which 
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double-acting air cylinder, 10 in. in diameter with an 8)9-in. stroke, is 
placed below the wheel, two-fifths of the circumference of the wheel 
from the pouring ladle. The top of the cylinder piston is an I-beam and 
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3 the position of the cylinder is such that when the wheel is stopped to 
pour an anode, the two pins in a loaded mold are directly over the I-beam 
of the piston. The up and down strokes of the piston are controlled by a 
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two-way valve connected with the air cylinder and operated by a series 
of shoes, one for each mold, which are attached to the wheel frame. 
These shoes are so placed that as the wheel is stopped to cast an anode a 
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shoe is actuating the two-way valve so as to raise the piston, which is 
then directly below the two pins. The piston forces the pins up, thus 
raising the lug end of the anode until it is clear of the mold. The length 
of the shoes is such that when the wheel again starts to move the valve 
is held open until both pins slide from the I-beam on the piston on to a 
supporting track for the pins, thus maintaining the anode in its tilted 
position so that it can be lifted off as it passes the bosh. When the shoe 
has passed the valve lever, a counterweight reverses the valve and the 
piston moves downward and is in position for another stroke. The 
supporting track for the pins continues some distance past the bosh, and 
when the pins pass the end of the track, they fall by gravity into their 
normal position, so that the mold is ready for the pouring of another anode. 


TRANSFERRING ANODES 


As the molds pass the bosh, the anodes are lifted off by an air hoist, 
the position of which is shown in Fig. 1. The hoist is hung from a crawl 
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Fig. 3.—DEraiis OF HAND TRUCK FOR MOVING ANODES. 


running on an overhead I-beam and is provided with a special hook that 
fits under the anode lugs. 

Running water flows through the bosh, which has a capacity of 35 
anodes, carried at 414-in. intervals by chains on either side of the tank. 
These chains are supported on a track and are driven by sprockets 
connected to a motor through suitable reduction gearing. The control of 
the motor is near the hoist, so that it can be operated by one of the two 
hoistmen. The anodes are transferred from the bosh to a rack in the 
shipping platform by an overhead crane using a hook that lifts six anodes 


at atime. The top of the rack is at the shipping-floor level. It holds 
83 anodes. 
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The standard weight of an anode is 710 Ib. and the refinery allows 5 
per cent over or under this weight. Each anode must be handled 
separately in order to check its weight and to allow for inspection and 
trimming. A wall crane was installed to do this, and to transfer the 
anodes from the rack to hand trucks on which they could be loaded into 
box cars. Details of the hand trucks are shown in Fig. 3. 

Two electric lights are provided, with contacts on the lifting rack of 
the crane. These contacts are adjusted so that if the anode is more than 
5 per cent underweight, both lights burn; if the anode is more than 5 
per cent overweight, neither light burns; if the anode is within the weight 
limits, one light burns. Light and heavy anodes and anodes with bad 
lugs are piled at one end of the shipping platform, to be taken to the 
converters and remelted. The shipping platform is at the same level as 
the floor of the box cars, and after inspection and trimming the anodes are 
loaded into the cars. 


Mo.ups 


Cast-iron molds were used at the start, as no refined copper was 
available and blister copper is unsuitable for making anode molds. After 
the furnace had been started, molds were made from anode copper, using 
a cast-iron master mold. These molds were far from satisfactory because 
the heat and weight of the molten copper warped the core plate and lugs 
of the master mold, and the resulting molds were out of shape and did 
not wear well. Molds are now cast in sand, a method of making copper 
molds recently developed by a refinery in the United States, from which 
Noranda practice was copied. 

A wooden pattern is used, shown in Fig. 4. This pattern is set on a 
cast-iron baseplate, to which side plates are then bolted on. Moist 
molder’s sand is carefully packed around the pattern, using an air- 
operated tamping hammer; a top plate is then bolted on, the mold is 
turned upside down, the baseplate removed, and the wooden pattern 
taken out. The mold is then dried in a coke-heated oven for 24 hr. and 
is ready for the copper to be poured into it. When molds are to be made, 
the furnace charge is poled until the oxygen content is about 0.04 
per cent. 

The molds are 12 in. thick and weigh 6300 lb. each. They are set on 
the machine so that there is a slope of 14 in. toward the lug end of the 
mold. This is done to secure rapid flow of copper into the lugs, which is 
necessary to make anodes without defective ‘‘Baltimore groove”’ lugs. 

Each mold will last, on the average, for 30 charges, which represents 
500 anodes, or 170 tons per mold. Individual molds have lasted for as 
many as 60 charges. In service, the molds develop cracks where the 
stream of copper strikes the surface, and sag slightly in the center. 
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about 500 ft. from the anode furnace. Several alternatives were con- 
sidered before this installation was decided on. One was a small pul- 
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verizer with a storage bin either at the coal plant or at the furnace. It 
was decided, however, that the advantages of a storage system did not 
justify its higher first cost. Another alternative was a unit pulverizer 
at the anode furnace; this, however, would have necessitated providing 
for the unloading and storage of raw coal, and also an operator. With 
the pulverizer in the coal plant, no additional unloading or storage 
facilities were required and the 
unit could be operated by the 
operators who care for the rever- 
beratory furnace pulverizers. 

A photograph of the unit 
pulverizer is shown in Fig. 5, 
An 80-ton storage hopper was 
provided, the bottom having two 
discharge points so that a second 
pulverizing unit can be installed. 
The coal is fed into the ball mill 
by a plate-type feeder driven by 
a variable-speed direct-current 
motor, the speed range being 
about 4 to 1. The ball mill is 8 ft. long and 3 ft. 6 in. in diameter, 
and carries a load of 5800 Ib. of 2-in. cast-steel balls. It is driven by 
a 25-hp. slip-ring a.c. motor, which is wound for speeds from 750 to 
1500 r.p.m. Air for conveying the coal passes through a steam heater 
and enters the ball mill at the opposite end of the fan. 

The fan is a No. 55-C Simplex and consists of a boilerplate casting 
with cast-iron liners. It is driven by a 15-hp. d.c. variable-speed motor 
with a speed range of 900 to 1800 r.p.m. In calculating the volume and 
pressure requirements of the fan, it was estimated that, in order to 
convey pulverized coal over such a long distance, 60 cu. ft. of air would 
be required per pound of coal and that the minimum velocity in the pipe 
should be 53 ft. per second. Tests have shown that these figures are 
conservative and that 40 cu. ft. per pound of coal and 40 ft. per second 
are sufficient. 

The coal used is Pennsylvania low-sulfur coal of the following analysis: 
volatile matter, 29.38 per cent; fixed carbon, 63.83; ash, 6.79; sulfur, 1.22; 
B.t.u. per pound, 14,527. It is a screened coal, being all minus 3¢-in. 
mesh. Coal is received in gondola-type cars and goes directly to storage. 
It is dried as required and conveyed to the storage bin over the ball mill. 

Two pipes, 5 and 8-in. diameter, respectively, were provided for 
conveying the pulverized coal to the anode furnace, the smaller to be 
used for low coal consumption and the larger for high coal consumption. 
The fan discharges into a 9-in. pipe and, by means of a Y and a deflector 
plate, the coal and air stream can be sent into either the 5-in. or 8-in. 
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line. The furnace has three fantail burners, the two outside ones being © 
fed by the 8-in. line and the middle one by the 5-in. line. It has been 
found, however, for ordinary operation that the single center burner is 
sufficient. The two outside burners are rarely used, except to obtain 
high temperatures when fusing a patch in the bottom. Secondary air 
for the combustion of the coal is introduced around the burner by a fan 
that blows the air into a rectangular metal wind box that covers the 
firing end of the furnace. The amount of secondary air is controlled by 
opening or closing ports in the wind box. 


PRESENT OPERATION 


After a charge has been cast, the skimming bay is cleaned of slag and 
copper accretions and is then coated with a mixture of 90 per cent 
Quebec magnesite cement and 10 per cent fireclay mixed with water to 
make a smooth mud. The tapping slot is thoroughly cleaned and then 
filled with a mixture of two parts of screened sand, two parts of fine coal 
and one part of fireclay. This material is well mixed beforehand and 
water is added until the mixture is fairly “stiff.” The tapping slot is filled 
with this mixture and the tapping bars are putin place. Several hundred 
pounds of sand are put into the furnace under the end of the launder 
where the liquid copper enters, to serve the double function of protecting 
the bottom and fluxing the copper and impurities which are oxidized in 
the refining of the charge. 

Copper production at present varies between 90 and 100 tons a day. 
As each furnace charge is approximately 120 tons, this means casting 
six times a week. The copper is blown to high blister in the converters, 
each converter charge containing from 60 to 70 tons of copper. Converter 
operation is generally so arranged that, on the days when copper is to 
be cast, the furnace is filled between six and ten o’clock in the morning. 
The height of the skimming bay can be adjusted, by changing the 
number of bars, for a range in the size of the charge from 90 to 120 tons. 

In fire-refining of blister copper containing small amounts of impurities, 
air is blown into the bath of molten copper until it is saturated with 
oxygen, with the object of oxidizing the impurities. Sulfur is driven 
off as sulfur dioxide, and metallic impurities, together with some of the 
copper, are oxidized and float as a scum on the surface of the bath. 
Silica sand is added and unites with these metallic oxides to form a 
viscous slag, which may be readily skimmed. 

Noranda blister copper is comparatively low in impurities and no 
special treatment is required beyond that outlined above. Three ports 
are provided on one side of the furnace for the air pipes, and as soon as 
the furnace is filled the air pipes are put in and skimming of the charge 
begins, The slag is skimmed into small pans resting on trucks. As soon 
as a pan has been filled it is drawn to the converter aisle and charged 
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into one of the converters. About 2 tons of slag is made from the average 
charge of 120 tons of copper. Skimming takes about an hour and then 
the charge is “flapped,” or splashed with a rabble, through the skimming 
door; this is an effective method of decreasing the time for saturating the 
bath with oxygen. Blowing and flapping are continued until a well 
defined crack is seen on several successive button samples taken with a 
small ‘‘say” ladle, which indicates that the copper is saturated with 
oxygen. In this condition it is known as “set”? copper, and contains 
about 0.9 per cent oxygen. 

As soon as the copper is at ‘‘set,”’ the pipes are taken out, the flapping 
rabble removed and the charge skimmed clean. Formerly about 500 lb. 
of low-sulfur coke was shoveled on to the bath to prevent further oxida- 
tion of the copper. Recently, because of the difficulty of obtaining low- 
sulfur coke, local cordwood has been substituted advantageously. The 
copper is then poled to deoxidize it ready for casting. Birch poles, 25 ft. 
long and ranging in size from 6 to 10 in. at the small end, are used. Seven 
such poles, as an average, are required to deoxidize a charge from 0.9 
per cent oxygen to 0.05 per cent oxygen. The-oxygen content of the 
bath is judged by the appearance of the button samples taken with 
the “‘say”’ ladle. As it decreases from that of set copper, the surface of 
the sample becomes flatter and a black speck, called a “‘nigger,’”’ forms in 
the center of the surface as the sample solidifies. 

The “‘set”’ or oxygen content of the copper can be closely estimated 
by the appearance of the surface of the sample and the size of the “ nigger.” 
At 0.08 per cent oxygen, the surface of the sample is almost flat and the 
“nigger” has almost entirely disappeared. At 0.05 per cent oxygen, 
the ‘‘nigger’”’ has entirely disappeared and the surface of the sample 
is flat. 

The oxygen content of the anode copper was formerly determined by 


examining a polished etched sample microscopically. Since the operators 


have become more experienced, the daily determinations have 
been discontinued. 

When the charge has been poled to the correct oxygen content, it is 
cast into anodes. The average casting rate is 93 anodes per hour, 
equivalent to 32 tons of copper per hour. The anodes are cast with the 
‘Baltimore groove”; that is, one lug has a groove or recess in it which 
provides a low resistance contact for the refinery tank-room connections. 
In order to make this lug, a cast-iron block (see Fig. 6) is inserted in 
the open lug of the mold. This block is removed just before the anode 
is raised off the mold by the pin-lifting device, and is put back after the 
anode has been lifted off the mold and placed in the bosh. 

Mold wash is used to keep the anodes from sticking to the molds. 
The wash used is an emulsion of ground silica and water, and is applied 
just before the molds have passed the bosh. The ground silica has a 
fineness of 93 per cent through 200 mesh. 


- _ 


344 THE ANODE DEPARTMENT OF THE NORANDA SMELTER 


7) ta * r 5 


Between one and two per cent of the anodes made are 8 a y 
either because of overweight or underweight or because of a defective - 
“Baltimore groove.”’ If the molds or the copper are cold, the “Baltimore 
groove”’ lug is liable to be incorrectly formed. : 

When new molds are put on the machine, ‘‘warmers” are made for 
the first two rounds of the machine; that is, about 14 in. of copperis —— 
poured into the mold to thoroughly dry and warmit. These “‘warmers” 
are scrapped. ‘ 

Table 1 shows two complete analyses of anodes made. The first 
sample—charge No. 6—was taken when the smelter was treating some 
custom material high in impurities. Charge No. 13 was taken when 
only ores from the Horne mine were being smelted. 


TasBLe 1.—Analyses of Anodes 


Charge No. 6, Per Cent | Charge No. 13, Per Cent 


Copperas: sends - 208 ona ee 2 99.4200 99.5000 
ORV 2 Cll soiRea cin: city tak, ae ee 0.0870 0.0940 
Sis eee eee PO SN B.S ae Trace Trace 
PATSCNIC. «wie cau a Dea tae ete 0.0520 0.0004 
ANGMONY ct Oe ee ee 0.0018 Trace 
Bisniithyen, 423 Reet PRS ae 0.0004 0.0003 
Selentiumize: .actd. See eee 0.1930 0.2380 
Melliniaiiies seFee teed ccee etes e 0.0430 0.0520 
i Sfohi Tne ee Re TO eS wee ee 0.0068 0.0160 
BN BYE) hE a a ec ~ ay EN a 0.0368 0.0204 
SULLY sce ose et ee oe 0.0050 0.0030 
Silvers) Pee, . Ue ee ere 0.1121 0.0456 
Goldasscont Je. Sew, oF bee 2 0.0291 0.0290 
99.9870 99.9987 
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The average fuel consumption in 1933 to date, casting about five or 
six times a week, is about 90 lb. of coal per ton of good anodes made. 
When the furnace is operated at capacity, the fuel ratio is about 75 lb. 
per ton of good anodes. With lower production more coal is needed in 
order to heat the furnace after a layover. 

The casting crew consists of 15 men, 10 on the furnace and casting 
machine and 5 on the inspection, trimming and loading of the anodes. 
The making of molds requires two men part time. 


STARTING Up 


Construction work was completed in December, 1930, and toward the 
end of January, when the refinery was ready for anodes, the furnace was 
started. ‘Two inches of silica sand was spread over the bottom and fused 
in. The bottom was seasoned by charging and melting scrap copper 
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until the bottom would absorb no more. The first charge of about 120 
tons of molten blister copper was refined and cast on Jan. 20, 1931. At 
the start most of the difficulties were due to: (1) inexperience of the 
furnace crew; (2) mechanical troubles with the pin-lifting device, owing 
to the piston being too small; (3) failure to make sufficient allowance for 
shrinkage of the copper in the mold; (4) jamming of the lifting pins, 
because the molds were not anchored to the revolving table. These 
were overcome by installing an air cylinder of 10-in. diameter on the pin- 
lifting device in place of the 6-in. diameter cylinder; by allowing more 
for shrinkage and by fastening the molds securely to the table. 

About two weeks after the furnace had been started, it was noticed 
that the surface of the silica-brick bottom was becoming uneven, the 
joints being deeply worn, especially under the launder where the hot 
blister copper enters the furnace. Shortly afterwards, a decided hump 
formed in the bottom, and finally, on the morning of Feb. 28, while the 
charge was being poled, part of the brick bottom came up. The bricks 
were skimmed off, the charge finished and then cast. It was found that 
about half the bottom, between the bridge wall and the tap-hole, had 
come up, and since the tapping slot extended down only as far as the upper 
surface of the top course of bricks in the bottom, a pool of copper about 
15 in. deep was left. As much as possible of this copper was dipped out 
with long-handled ladles, the temperature of the furnace being maintained 
throughout the work, which took about 48 hr. The furnace was then 
shut down. 

The copper had penetrated to the top of the bottom course of fireclay 
brick, and between each course of brick was a sheet of copper from 1g to 
1 in. thick. Removal of the brick and the copper was difficult work, 
but it was accomplished with the help of a crew of miners using jack- 
hammer drills with special wedge-shaped chisels (with the cutting edge 
wider than the shank). The sheets of copper were cut into pieces that 
could be handled, part of the furnace arch was removed, and the copper 
pulled out by the converter cranes. In the removal of the old bottom, 
the side walls were badly damaged, but they were merely shored up and 
left until the new bottom was put in. 

But for the able work of Mr. Henderson, mine superintendent, and 
his miners, the whole furnace might have been destroyed before the 
copper was taken out. After all the copper had been dipped out of the 
bottom, there was left only one 4!4-in. course of fireclay brick, the other 
9-in. course of fireclay brick and the 9 and 15-in. courses of silica brick 


being destroyed. 
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About this time the writers were in Ottawa and had the opportunity 
of discussing the question of a new bottom with Mr. F. E. Lathe, of the 
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National Research Council of Canada, and Mr. D. W. Stewart, of 
Canadian Refractories, Ltd. Mr. Lathe and Mr. Stewart have taken 
part in the development of a basic refractory made from Quebec magne- 
site and Mr. Stewart has had experience in using this refractory in basic 
open-hearth steel furnaces. The question of the feasibility of installing 
a monolithic basic hearth in a copper furnace was discussed in detail, and 
it was agreed that there were no theoretical objections or practical 
difficulties apparent. With the consent of Mr. E. Hibbert, consulting 
engineer, it was decided to make the experiment. 


= 


Fra. 6.—INSERT BLOCK FOR MOLDS. 


The material used in the bottom is known by the trade name “ Magni- 
frit.” It is basic in nature and consists chiefly of magnesia and lime, with 
small amounts of iron oxide, alumina and silica. Magnifrit is manu- 
factured from deposits of dolomite which occur at Kilmar, Quebec. 
Several grades of this rock are blended to give the desired analysis, 
The material is ground, thoroughly mixed and then sintered in rotary 
kilns with pulverized coal. The resulting sinter is crushed and screened. 
The final product is a brown, porous material, uniform in size, with 
pieces varying from 14 to 3¢-in. diameter. 

The work of installing the new bottom was done under the supervision 
of Mr. Stewart and Mr. Schaup, of Canadian Refractories, Limited, 

As mentioned before, all the original brick in the bottom had been 
destroyed, except the 414-in. course of fireclay brick that was directly on 
the concrete base. Before starting to put in the basic monolithic bottom, 


a course of 9 in. of fireclay brick was laid on top of the 41¢-in, course, 
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thus making 1314 in. of fireclay brick on the concrete base. No other 
bricks were put in the bottom. Fireclay brick was used because it has 
very little expansion and therefore would make a better bottom for the 
fused Magnifrit. In order to insure a proper bond between the mono- 
lithic hearth and the magnesite side walls, some of the silica bricks were 
removed form underneath the magnesite bricks of the side walls. 

The first operation before beginning the fusion of the Magnifrit was 
to spread a parting layer of iron scale over the fireclay brick. The 
furnace temperature was then raised to 2400° F. and the layer of iron 
scale was fused in place. The furnace temperature was increased again 
and about 2500 Ib. of Magnifrit, with a small amount of iron compound, 
was mixed and spread in a thin even layer over the bottom of the furnace. 
Care was taken that the two materials were thoroughly mixed before 
charging. The mixture was thrown in with shovels through openings 
in the sides and front, as rapidly as possible in order to prevent undue 
cooling of the furnace. The openings were then closed and the furnace 
temperature maintained at about 2700° F. for several hours until the 
addition was fused. Successive layers were added in the same manner. 
The log of putting in the bottom is shown in Table 2. About 24 additions 
were made, in layers of from 14 to 34 in. thick. About 3000 lb. of material 
was used in each application and additions were made at an average 
interval of 4 hours. The function of the iron compound, as will be 
explained later, was to reduce the fusion temperature of the Magnifrit 
and to act as an aid in bonding. 

Before an addition was made, each layer was tested by taking a core 
sample by means of a tee and a nipple screwed on to the end of a length of 
pipe. If the layer was correctly fused, the sample had a cheeselike 
consistency, would be well bonded together, and have considerable 
strength when cold. No fresh addition was made until several such 
samples taken at various points on the bottom showed that the layer was 
correctly fused. 

As the side walls of magnesite brick below the metal line had been 
badly shattered by the vibration of the air drills when cutting out the 
copper, pieces of magnesite brick fell off on to the bottom from time to 
time as it was being fused. When this happened, the fires were checked 
slightly. and as much of the brick as possible removed with flat 
steel paddles. 

The top layer was surfaced with a mixture of iron compound and 
Magnifrit cement to give a smooth, hard surface. The finished bottom 
was 19!¢ in. thick in the center; in cross-section it was concave and in 
longitudinal section it was sloped so that the lowest point was at 
the tapping slot. 

In all, 28 tons of Magnifrit and 9 tons of iron compound were used, 
and the actual work of making the bottom took 108 hr. When the last 
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TapLe 2.—Record and Log of Construction of Bottom of Furnace 
Additions to Bottom |Material Used, Lb.) Furnace 


; Tron Temper- Operation and Results 
Date Started Finished Me Com- ature, P 
Hd pound | Deg. F. | 

March 13 7.00 a.m. 1,320 2,300 c 

March 14 9.00 a.m. Small bath, ash, slag in center, 
used spoon atfrontend. Spread 
all over with slight bank to fill 
cracks. 

9.00 a.m. | 10.45 a.m. 1,450 1,960 2,300 ; 

11.15 a.m. | 11.30 a.m. 600 300 Soft in center. 

2.25p.m. | 2.50 p.m. 1,370 1,030 2,650 Well sintered over whole bottom. 
Two samples show good bond. 

3.05 p.ms 4.15 p.m. 1,220 610 2,750 Again well sintered; banks and 
corners well fritted. 

7.55 p.m. | 8,165 p.m. 1,800 800 Not so well sintered but bottom 
hard. Not soft but heat a little 
low—more coal. 

March 15 | 12.30 a.m. | 12.45 a.m. | 1,800 620 Furnace good heat and bottom 
well fused. Air cut, coal high 
but roof good. Overhanging 
brick side wall gave way, falling 
out. 

3.15 a.m. Side wall on two sides gave way. 
Mr. Boggs and Mr. Schaup de- 
cided-to bank up walls where 
overhanging and burn in for long 
period. Roof O.K. Banks at 
front very hot. : 

4.30 a.m. 6.30 a.m. 3,000 750 2,800 Walls banked, probably 14 in. 
high; 4:1 mix banking walls, re- 
pairing. Fires on at 10.30 a.m. 

7.00 a.m. | 10.30 a.m. 5,100 1,750 

4.30pm. | 4.45 p.m. 1,800 600 No. 5841—from back end—good 
core (12.20 p.m.). 

8.20 p.m. 8.35 p.m. 2,400 800 

March 16 | 12.20 a.m. | 12.35 a.m. 2,250 

March 16] 4.10a.m. | 4.25 a.m. 2,400 670 Good heat. 

9.40 a.m. | 10.05 a.m. 2,250 450 Good heat. 

1325 pim: |) 145opum, 2,250 450 Bottom well sintered—good heat. 

5.50 p.m. | 6.05 p.m. 1,800 300 Fireclay brick falling from flue. 
Good fusion. 

9.20 p.m. 9.35 p.m. 2,400 800 2,750 

March 17 | 12.20 a.m. | 12.35 a.m. 2,700 600 

4.50 a.m. 5.05 a.m. 3,150 600 

8.45 a.m. | 10.30 a.m. 2,100 Cooled furnace to remove brick 
from side wall. Door arch with 
rabbles, No. 5854. Good front 
end. Good sample. 

2.25 p.m. 2.50 p.m. 1,800 

6.40 p.m. 7.00 p.m. 2,700 

10.45 p.m. | 11.00 p.m. 2,700 600 
March 18 | 5.00 a.m. 5.15 a.m. 2,400 600 Not so well fritted. 
10.30 a.m. | 11.15 a.m. 2,700 650 2,750 
Magnetite 
Cement 

March 18 2.15 p.m. 2.45 p.m. 1,800 450 450 

8.00 p.m. 8.30 p.m. 1,200 2,400 

11.15 p.m. | 11.30 p.m. 1,200 For slagging. 

March 19 5.00 a.m. Fire off at 5.00 a.m. 

7.50 a.m. Patching side walls and bridge 
wall, about 314 tons material 
used. 

March 19 | 11.30 a.m. Fire on again. 

2.30 p.m. 2.45 p.m. Charging about 2 tons scrap 

ae copper. 

3.35 p.m. Copper all melted. Small pools 
evident. 

Much slag, probably copper oxide 
. and magnesia. 

4.20 p.m. Charged about 3 tons scrap copper. 

5.30 p.m. Charged about 2 tons scrap copper. 

6.30 p.m. Charged about 31g ladles hot 

: blister. 
9.00 p.m. Tapped furnace without refining 

, copper. 
11.30 p.m. Furnace empty. Bottom good 

Mennind shape. 

arch 20 | 1,00 a.m. Started patching side walls. Fur- 
‘ nace better shape. 
10,20 a.m. Started charging furnace 7 ladles 
copper. 
55,940 17,790 2,850 
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addition had been fused, the fires were cut off and the furnace was slowly 
cooled to a red heat. The bottom was then seasoned in the same way as 
the original silica-brick bottom. After this had been done, about 
70 tons of liquid blister copper was charged into the furnace. The copper 
bubbled, and it was assumed that this was due to further absorption of 
copper by the bottom. No attempt was made to refine this charge and 
it was merely cast into anode shapes, which were subsequently remelted. 
The following day a full charge of 130 tons of liquid copper was put into 
the furnace and normal operations were resumed. 


Fig. 7.—PHOTOMICROGRAPHS OF POLISHED SECTIONS OF CORE SAMPLES. X 500. 
Large rounded grains, periclase (MgO); smaller irregular darker grains, Ca-Mg-Fe 
silicates; white matrix, solid solution of Mg-Ca ferrites. 


Success in installing such a bottom lies in spreading the material in 
thin, even layers, and in fusing each layer to a semiplastic condition 
before adding more material. If this is done, each layer is fused to the 
layer immediately beneath and the resulting bottom is a true monolith. 
If any bonding material is used, it should be thoroughly mixed with the 
refractory and the smallest quantity necessary should be added. Had it 
been possible to maintain in the furnace a sufficiently high temperature 
to bring straight Magnifrit to the point of incipient fusion, it would not 
havé been necessary to use any iron compound. What was actually 
done in operation was to endeavor to use the minimum amount of iron 
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compound necessary to suit the temperature conditions in the furnace at 
the time of the addition of each layer. 

Photomicrographs have been made of polished sections of some of 
the core samples. Two typical photographs, taken with vertical illumi- 
nation at a magnification of 500 diameters, are shown in Fig. 7. The 
mineralogical character of the various constituents of the samples, 
shown by these photographs, has not yet been definitely settled, but 
the description that follows is in accordance with the best information 
available at the present time. There are three constituents. The large 
rounded grains are periclase; that is, magnesium oxide, probably with 
small amounts of iron oxide in solid solution. The smaller, irregularly 
shaped portions, darker in color, are believed to be calcium, magnesium 
and iron silicates of low silicate degree, and it is probable that these 
silicates contain ferrites and possibly periclase in solid solution. The 
white matrix is a solid solution of magnesium and calcium ferrites. The 
uniformity of the size and shape of the periclase crystals and the distribu- 
tion of the other constituents give a well bonded material, which will 
afford a maximum resistance to disintegrating forces. 

About five weeks after the new bottom had been put in, it became 
necessary to rebuild the side walls above the slag line, as they had been 
badly damaged during the fluxing of the bottom. Unburned magnesite 
brick were used, faced on the outside with silica brick. When the 
furnace was shut down for this repair, a hump was found in the bottom 
at the front end of the furnace. An attempt was made to drill this off, 
but it resisted such efforts. In June, a section of the bottom came up at 
this point, leaving a hole several feet in diameter, and from 3 to 4 in. 
deep. The copper was dipped out of the hole, which was patched by 
fusing in thin layers of material. This patch was not successful and 
gradually came up, so that in August it was necessary to patch the 
bottom again. The failure of the first patch was due to the fact that the 
work had been done at night, and in the imperfect light the operators had 
mistaken grain magnesite for Magnifrit. In August, 1931, a second 
patch was put in with Magnifrit. During the spring of 1933 some of the 
patch came up. In June, 1933, some high-grade silver concentrates 
containing many impurities, particularly sulfur, were treated in the 
anode furnace, and it is believed that excessive work done on these 
impure concentrates caused the hole in the bottom to become enlarged, 
and this part of the bottom was then below the tap-hole. On Novy. 2, 
1933, this hole was dipped out clean and new layers of a mixture of Magnifrit 
and iron compound were fused in place, so that the whole bottom was 
raised above the level of the tapping slot. The bottom was seasoned with 
copper, as before, and the furnace resumed normal operation. 

Since the monolithic bottom was installed, the following work has 
been done and the results indicated have been obtained. 
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1. March 19, 1931 to June 1, 1931, a campaign of 74 days. A small 
patch requiring 1000 lb. of material was fused in. 

2. June 2, 1931 to Aug. 26, 1931, a campaign that lasted 85 days. 
Only asmall patch was made and the job was completed in 16 hours. 

3. Aug. 27, 1931 to April 9, 1932, a campaign of 227 days. This wasa 
larger patch and required three days to complete. 

4, April 12, 1932 to Nov. 1, 1933, a campaign of 568 days. A large 
patch was made at this time, requiring about 5 tons of Magnifrit 
and 14 ton of iron compound. Four days were required to make 
the patch. 

5. In all, 86,415 tons of copper were taken out of the furnace from 
March 19, 1931, to Noy. 1, 1933. 

From past experience, the bottom, at time of writing (November, 
1933) should give continuous service for several years without requiring 
repairs or patching. 

So far as the authors know, this is the first successful application of a 
basic monolithic bottom for use in a copper-refining furnace. It is an 
improvement over either silica or magnesite-brick bottoms, which must 
be built and expanded by experts. With a brick bottom, great care must 
be taken that the bricks are not damaged in any way, because, if they 
fail at one point, the whole bottom may be destroyed, with a resulting 
extended shutdown and expensive repair work. An inherent advantage 
of a monolithic bottom is that it can be patched readily and cheaply at 
the convenience of the operators and with very little loss of time. It is 
believed that the failure of the original silica brick was due to the cutting 
action of the molten stream of copper falling from the launder through 
which it was poured into the furnace. 

Because this type of bottom can be patched successfully, and because 
it is in good condition after about three years of operation, the indications 
are that it will have a useful life of many years. 


Montreal East Plant of Canadian Copper Refiners Limited 


By H. §. McKnicur,* Montreat East, QuEBec, CANADA 


(New York Meeting, February, 1934) 


One phase of Canada’s rapid development in mining and metallurgy 
during the past few years has been the creation of Canadian Copper 
Refiners Ltd., and the establishment of its modern electrolytic copper 
refinery at Montreal East, Quebec. Canadian Copper Refiners Ltd. is 
made up of three well-known metal firms whose combined activities cover 
the entire industry from the mine to the market. They are Noranda 
Mines Ltd., Toronto, Nichols Copper Co., New York, and British Metal 
Corporation, Ltd., London. Noranda Mines is the principal owner and 
provides the greater part of the raw material received by the refinery for 
treatment. Nichols Copper Co. designed and built the plant and is 
operating it under contract. British Metal Corporation acts as sales 
agent and markets the refinery’s products. 

Montreal East was chosen as the site of the new refinery only after a 
careful survey had been made of the entire eastern part of Canada. 
The location chosen offers many advantages, chief of which are the 
relatively low costs of power, labor, fuel and supplies, and the fact that it 
is situated on Montreal harbor, the nearest seaport to the points of origin 
of the raw materials. 

All incoming material is received by rail. A majority of the plant’s 
product is exported through the port of Montreal to European markets, 
being handled to the docks in railroad ears. A large proportion of the 
product is delivered by means of an industrial railway to the adjacent 
rolling mill of the Canada Wire & Cable Co., Limited. 

The refinery was designed to treat primarily the copper produced by 
Noranda Mines, Ltd. and Hudson Bay Mining & Smelting Co., Ltd., 
and its rated capacity is 75,000 short tons per year. A general layout 
of the plant is shown in Fig. 1. Its capacity can be readily doubled, as 
shown by the dotted lines. Figs. 2 and 3 are sections taken through the 
furnace department and the tank house respectively. Except for the 
main office and laboratory and an auxiliary building containing the stores, 
warehouse, change rooms, compressor room and machine shop, the entire 
plant is under one roof. The type of building construction consists of 
reinforced concrete foundations supported on concrete piles, a steel 
structure covered with Robertson Protected Metal siding and a 3-in. 


* Works Manager, Montreal East Plant, Canadian Copper Refiners Ltd. 
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thick wood roof deck. The roof deck is covered with a standard 15-year 
built-up tar and gravel roof. The roof is designed with alternating high 
and low bays so that abundant light is provided throughout the building 
from above by means of monitor type windows. The power house and 
the parting plant are built of brick. . 

The building is heated by unit high-pressure steam heaters along the 
walls. Air is drawn from outside or inside the building and forced 
through the steam coils by motor-driven blowers. Foul air is discharged 
through stationary ventilators in the roof. 

The working floors throughout the plant are at one elevation, this 
being approximately 4 ft. above ground level. Materials are handled 
between departments by means of 30-in. gage industrial cars drawn by 
two 10-ton Westinghouse storage-battery locomotives. Auxiliary loco- 
motive power is furnished by a Fordson tractor equipped with smooth 
hard rubber tires. The cars are of two types: (1) anode rack cars built 


PUMP BAY TANK BAY TANK BAY 
Fic. 3.—SEcTION THROUGH TANK HOUSE. 


to handle 21 anodes and equipped with double trucks, cast-iron wheels 
with chilled steel tread and Timken roller bearings; (2) cathode cars of 
the single truck design with chilled steel treads and Hyatt roller bearings. 

A private pumping station delivers from the St. Lawrence River all 
water required for process work. The station is equipped with motor- 
driven centrifugal pumps having a combined capacity of 4500 gal. per 
minute. Water for drinking and bathing purposes is obtained from the 
Montreal city water system. Water for process work may also be had 
from this source in case of necessity. 

Bunker C fuel oil is used for firing the copper furnaces and boilers. 
The oil is delivered to storage tanks having a capacity of 45,000 gal., 
through pipe lines directly from a neighboring oil refinery. The oil is 
delivered from storage to the burners through a circulating system at a 
temperature of 200° F. and a pressure of from 35 to 50 1b. per square inch. $ 

Incoming material is received in the form of anodes from Noranda 
Mines and blister cake from Hudson Bay Mining & Smelting Co. More 
than 60 per cent of the total material received is from Noranda. ‘These 
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anodes are 36 in. square on the face, 114 in. thick and weigh approximately 
700 lb. The Hudson Bay blister, which is received in cakes weighing 
approximately 450 lb., is combined with the anode scrap from the tank 
house in the anode furnace. From this material domestic anodes are 
made, which have the same physical characteristics as the Noranda 
anodes but somewhat different chemical composition. Typical analyses 


of the two anodes entering the tank house are given in Table 1. 
TaBLE 1.—Typical Analyses of Anodes 

a. 
i ‘ 
4 Cu, | 48 | At | as, | Sb, |SeTe,| Pb, | Ni, | Fe, | 8, 
3 Anode Per Kee Ses Per Per | Per Per Per Per Per 
a Cent Ton | “lon Cent | Cent | Cent} Cent | Cent | Cent | Cent 
4 Noranda Se tune ee 99. 41|17.09|8.058|0.0024|0. 0023/0. 264/0.0016|0.0293|0.0065|0.0140 
j Dowestiot eo eet 99. 49131. 40/4. 577/0.0126|0.0073|0. 183|0.0236/0.0143|0.0083|0.0155 


RECEIVING AND SAMPLING 


Because of its high content of precious metals, all incoming material 
is weighed and sampled with extreme care. The material is received in 
box cars at the receiving bay (Fig. 1) on the east side of the building, each 
carload constituting a lot. The anodes are received in lots of 168 pieces 
and the blister in lots of 221 pieces. After the material has been unloaded 
from the box cars, it is placed on industrial cars and weighed and check- 
weighed. One small carload from each lot, taken from near the center 
of thestring, is placed in a drying oven for 24 hr. to determine the moisture 
content. Each small car holds from 7 to 9 per cent of the total lot. 

After weighing, each piece of every lot is sample-drilled according to 
a template. For anodes, a quarter template is used and all holes are 
drilled from the set side. It requires four lots to have the entire face of 
the anode covered by the template. For blister cakes, a half template is 
used, requiring two lots to have the entire face covered by the template. 
In the blister cakes all holes are drilled from the bottom, or mold side, 
except the edge holes, which are drilled from the top. The drilling is 
done on motor-driven drill presses having automatic feed and using 14-in. 
diameter drills. All drillings from each lot are combined, dried, ground 
and divided into necessary samples for analysis. After weighing and 
sampling, the anodes are placed in rack cars and delivered to the elec- 
trolytic department. The blister cakes are placed on cathode cars and 
delivered to the anode furnace department. 


Tank Room 


The tank room was designed to operate on a normal current density of 
17 amp. per square foot of depositing area and with a 414-in. spacing from 
center to center of anodes. The starting sheets are 37}4 in. square and, as 
stated above, the effective area of the anode face is 36 by 36 inches. 
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There are 432 commercial cells and 36 stripper cells. 


built of reinforced concrete cast in place and lined with 8 lb. 6 per cent 
antimonial lead. The cells are built in tiers of nine cells to a tier as 
shown in Fig. 4 and arranged in sections of two tiers, or 18 cells, to 
a section. 

The cells are supported independent of the working floor by concrete 
columns and at an elevation such that the tops of the cells are 18 in. 
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above the floor. ‘The columns are capped each with a glass plate 114 in. 
thick, a rubber sheet and a lead shield to insulate the cells from the 
ground. ‘The bottoms of the cells are 7 ft. above the basement floor, 
thereby providing ample space for inspection and headroom for solution 
lines and slimes launders. 

The tank room is 660 ft. long and 144 ft. wide (Fig. 5). The com- 
mercial and stripper cells are in two 60-ft. parallel bays and the elec- 
trolyte heaters and circulating pumps and tanks are in a third 24-ft. 
pump bay west of the commercial bays. The stripper circulating system, 
of course, is independent of the commercial system. The electrolyte 
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cells are 16 ft. 7 in. by 3 ft. 744 in. by 4 ft. 114 in. deep inside and are 
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flows by gravity from head tanks through the electrolytic cells to sump 
tanks in the pump bay located below the basement floor. It is then 
elevated by means of motor-driven Corrosiron centrifugal pumps to the 
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head tanks, where it is heated by steam coils. The temperature of the 
electrolyte is maintained at approximately 140° F. and the flow through 
each cell is at the rate of from 4.5 to 5 gal. per minute. 

Table 2 shows typical analyses of the two electrolytes. 


Taste 2.—Typical Analyses of Electrolytes 


Tempera- | peg. Bé Free Cu, REPT Cl, 
wats elyke Cord at 60°F, | H80s | per Cent Gravity | Per Cent 
Stripper.........--<-=- 140 22.50 12.96 3.16 1.19 | 0.00075 
Commercial......--..-- 140 27 .30 16.60 3.20 1.24 | 0.00019 


The inlet to each cell is of rubber to prevent loss of current through 
the solution lines. The overflow line is broken by an air gap in a 
lead ‘‘boot.” 

The initial loading to each cell is 42 anodes at 414-in. spacing and 43 
starting sheets. As before stated, the anodes weigh approximately 
700 lb. each, so that, operating at a current density of 17 amp. per square 
foot, the anode life is 33 days. Two cathodes are made from each 
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anode. When the first cathode is pulled the anode spacing is closed up 
to 4 in. and five additional anodes added to each cell. This lowers the 
current density during the second cathode run, with a consequent — 
power saving. 

The commercial and stripper cells are all connected in series in one 
electrical circuit but the nine cells of each tier form a series-parallel 
connection. The bus current of 15,000 amp. flows into each cell through 
the 42 anodes and out at the other side through the 43 cathodes. The 
anodes are cast with a “Baltimore groove” in the top of one of the lugs 
to form an electrical connection between the anode of one cell and the 
cathode of the adjoining cell. 

A small test switchboard at the foreman’s office is connected to each 
section of tanks in such way that the voltage drop across any section can 
be read at any time. Both in the construction and in the operation of 
the plant great care has been taken to eliminate and prevent power 
losses through short circuits, and results obtained have been excellent. 
The normal bus current is 15,000 amp. and the average voltage drop 
across each commercial cell while operating at a current density of 
17 amp. is 212 my. The current density in the bus is approximately 
375 amp. per square inch. 

About 300 tons of copper was used in the bus system which is 


_ 3500 ft. long. The main runs under the working floor are made up of eight 


10 by 14-in. copper bars spaced 14 in. apart in parallel. The tank buses 
are of different sizes and shapes, the largest being 17 in. wide, 3 in. thick 
and 19 ft. long. The tank buses are connected to the main run by two 
10 by 2-in. U-connector bars. The current is transmitted from the bus 
to anode and from cathode to bus through knife-edge contacts. These 
contacts consist of triangular sections of copper arc-welded to the 3-in. 
bus bars. About 4000 lineal feet of arc welding was required and a 
highly satisfactory joint was obtained. 

The anodes are delivered to the tank room in rack cars. The rack 
cars contain 21 anodes each, or half a cell load. The spacing of the 
anodes in the cars is the same as required in the cells, and they are trans- 
ferred from the cars to the cells by overhead electric cranes. These 
cranes are of the three-motor overhead trolley type and are driven by 
550-volt a.c. motors with face-plate controllers located above the opera- 
tor’s head and operated by vertical levers. 

The starting sheets are made in the stripper cells from anodes slightly 
larger than the commercial anodes and weighing approximately 770 lb. 
each. They are deposited on cold-rolled copper sheets from which they 
are stripped daily after they have attained a thickness of approximately 
lo in. The average weight of a starting sheet is 11 Ib. The starting 
sheet is attached to the suspension rod by means of a single central loop 
18 in. long riveted to the sheet. 
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The cathodes are removed from the electrolytic cells in racks handling 
a full cell load of 43 pieces. They are transferred by the overhead 
cranes to movable washing machines, one in each of the two 60-ft. bays. 
These washing machines are mounted on wheels, so that they can be 
operated next to the sections of cathodes being pulled, thereby avoiding 
the necessity of transporting the dripping cathodes over other sections. 
The wash water is supplied to the machines at a pressure of from 50 
to 65 lb. per square inch through a main in the center of the building, by 
means of Corrosiron two-stage centrifugal pumps. The wash solutions 
flow back from the washing machines to pump tanks in the center of 
the building. 

The slimes are withdrawn from the cells at the same time that the 
cathodes are removed; that is, twice during the anode life. At the end 
of the first cathode run the slimes are removed but the anodes are not 
moved. At the end of the second cathode run the anode scrap is also 
removed and the tanks are completely emptied and cleaned. The slimes 
removal is accomplished through a plug opening in the bottom and at 
one end of each of the electrolytic cells. First, the clear electrolyte is 
pumped from the cell to within a few inches of the bottom. The plug is 
then removed and the slimes, together with the remaining electrolyte, are 
swept through the plug opening into a lead-lined slimes launder beneath 
the tiers of cells. ‘These launders convey the slimes-bearing solution to 
centralized pump tanks on the center line of the building and in open 
conerete pits below the basement floor. From these tanks they are 
pumped to a holding tank in the silver refinery by means of specially 
designed Corrosiron centrifugal pumps. ‘The slimes carry the precious 
metals and impurities contained in the anodes. The further treatment of 
these slimes will be described later in the paper. 

After passing through the washing machines and having the elec- 
trolyte thoroughly removed, the cathodes are delivered on cathode cars 
to the wire-bar furnace department. The anode scrap is washed in the 
electrolytic cells by means of high-pressure water sprays. After washing, 
it is loaded on cathode cars and delivered to the anode furnace depart- 
ment. Approximately 14 per cent of the anodes is returned as scrap. 


FURNACE DEPARTMENT 


The copper furnace equipment consists of one anode and one wire-bar 
furnace in the central 24-ft. bay of the furnace building as shown in 
Fig. 1. The two furnaces are of the usual reverberatory type with side 
charging doors and fired each by means of a single high-pressure oil 
burner. Atomization at the burners is done by either air or steam, as 
desired, and secondary air is supplied by motor-driven blowers mounted 
on the floor under the burner stands. Furnace draft is supplied by 
motor-driven induced-draft fans. Draft regulation is obtained by 


regulating the speed of the fans and also by means of dusts in the : 
flues. t 
The furnaces are built on solid concrete foundations, the tops of which _ 
are shaped to conform with the inverted arch of the furnace bottoms. 
The bottoms are made up of three courses of brick laid directly on the 
concrete foundations. The lower course is of 12-in. clay brick, the second 
course of 9-in. silica brick and the third, or top course, of 15-in. silica 
brick. The side walls below the metal line are built of burned magnesite 
brick. The bridge wall, side walls above the metal line, and the “nose”’ 
of each furnace are built of magnesite brick backed up with clay brick. 
The verb arch and main roof are built of silica brick. The firebox and 
uptake are built of clay brick. 

Both furnaces are charged by means of a six-motor revolving floor-type 
Morgan charger having a floor span of 36 ft. and a peel stroke of 24 ft. 
6 in. The load capacity of this machine is 8000 pounds. 


Anode Furnace 


The anode furnace has a capacity of 150 tons per charge. The 
hearth is 26 ft. 9 in. by 12 ft. 8 in. and the uptake is 2 ft. Lin. by 5 ft. 0 in. 
There are two charging doors on the east side of the furnace. These 
doors are 6 ft. 0 in. by 3 ft. 3 in. and are operated by air cylinders on the 
floor above. The blowing is done by introducing through holes in the 
charging doors 34-in. iron pipes to which are attached air hoses with 30-lb. 
air pressure. The skimming and poling are done through the front door. 
Slag and poles are handled by means of a 5-ton floor-controlled electric 
hoist on a trolley. 

Directly over the uptake from the furnace is a 250-hp. straight-tube 
waste-heat boiler equipped with a superheater to deliver 100° superheat 
at 150 lb. working pressure. The induced-draft fan and dampers are 
beyond the boiler. The fan is built to deliver 36,000 cu. ft. of gas per 
minute against a static pressure of 314 in. and at a temperature of 650° F. 

The casting wheel (Fig. 6) is in a pit west of the furnace. This pit 
consists .of a depressed 60-ft. bay of the furnace building and extends 
180 ft. alongside of the two furnaces. It contains all the casting equip- 
ment for both furnaces and is served by a 10-ton overhead crane similar 
to those serving other parts of the plant. The wheel is 33 ft. in diameter 
and is of the Walker type. It is motor-driven through a Waterbury 
hydraulic variable speed transmission with gear control. The anode 
molds are made of copper and are mounted on a stationary table on the 
wheel. The movement of the wheel is intermittent, the copper being 
poured from the ladle into the molds while the molds are stationary. 
The molds are sprayed with water as they move towards the bosh, which 
is diametrically opposite the tap-hole. The anodes are raised by lift 
pins extending through the bottoms of the molds, so that they can 
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be transferred from the molds to the bosh by means of a hand-oper- 
ated airlift. 

The bosh is made up of two compartments, each having spacing racks 
to hold an anode rack-car load of 21 anodes. When one compartment 
has been filled its load is transferred to a rack-car by the overhead crane 


Fic. 6.—CasTING WHEEL. 


while the second compartment is being filled. The average rate of casting 
is about 45 tons per hour. 

In casting anodes, pulverized silica is used as a mold wash. The 
anode molds are cast in collapsible cast-iron mother molds, using wire-bar 
copper. The molten copper is transferred from the wire-bar furnace 
tap-hole launder to the mother molds in a geared crane ladle. 

The anode ladle is operated by a suspension-type electrically driven 
hoist. Both the ladle and the wheel are controlled by the ladler whose 
cab is located above the floor near the ladle and outside of the wheel. 


Wire-bar Furnace 


The wire-bar furnace has a capacity of 350 tons per charge. The 
hearth is 43 ft. 2 in. by 14 ft. 9 in. and the uptake is 2 ft. 8in. by 7 ft. 8 in. 
There are three charging doors operated in the same way as those on the 
anode furnace. Blowing of the charge is done through holes in these 
doors and through blowing holes provided in the furnace side walls on the 
casting side. The method of handling slag and poles at the front door is 
the same as at the anode furnace. 
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The furnace is equipped with one 800-hp. cross-drum straight-tube 
waste-heat boiler with superheater and with two motor-driven variable- 
speed induced-draft fans. 

The wire-bar casting wheel (Fig. 7) is 40 ft. in diameter and is of the 
Walker type. It is west of the furnace in the casting pit referred to 
above, and is driven by a constant-speed motor through a Waterbury 
variable-speed transmission. The movement of the wheel is controlled 
by the ladler whose cab is located above the wheel and directly in front 


Fic. 7.—WIRE-BAR CASTING WHEEL. 


of the spout of the ladle. The ladle control is similar to that on the 
anode wheel. : 

The molds are suspended on trunnions between arms placed radially 
on the ring of the wheel. The movement of the wheel during casting is 
continuous, the copper being poured into the mold pockets as they pass 
slowly under the spout of the ladle. After being filled, the molds pass 
over water sprays and are dumped by means of dumping rails over a 
bosh directly opposite the tap-hole. 

After dumping, the molds are sprayed on the bottom to reduce the 
temperature and on the inside to remove any excess mold wash or 
dirt. The pockets are then sprayed with fresh mold wash consisting of 
a mixture of bone ash and water and are righted preparatory to being 
refilled. The molds are inspected just before they pass under the ladle, 
and the temperature is taken and recorded. 

The wheel is equipped to cast all standard sizes of wire bars, ingot 
bars and ingots. Molds are made daily of wire-bar copper on a mold press 
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that is near the tap-hole. The stream of copper from the tap-hole is 
divided and part of it is carried through a launder to a collapsible cast- 
iron frame on a mold car under the press. Water-cooled copper dies 
mounted on the press are then lowered into the molten metal and allowed 
to stand until the metal is set. They are then raised and the mold 
removed to cool. 

Each mold is numbered for recording purposes and is used for no 
more than 10 productions. The old molds are returned to the furnace 
and remelted. All wire-bar shapes are cast in 5-bar molds, and for the 


Fig. 8.—CorrRELL PLANT. 


larger bars 20 molds make up a full ring on the wheel. The casting rate is 
from 55 to 75 tons per hour, depending on the size of bars being cast. 

Crucible samples are taken at the tap-hole at intervals of 30 min. 
during the casting operation. Optical oxygen determinations are made 
immediately and reported to the furnace foreman. Billet samples are 
also taken from the tap-hole during the run and conductivity tests made 
on wires drawn from these billets. Drill samples for complete chemical 
analysis are taken from the finished bars. The inspection department 
sets aside three bars during the cast—one at the beginning, one at the 
middle and one at the end of the cast. These bars are drilled and the 
drillings sent to the laboratory for analysis. A typical wire-bar analysis 
is as follows: Ag, 0.25 oz. per ton; Au, 0.015 oz. per ton; Cu, 99.965 per 
cent; As, 0.0001 per cent; Sb, 0.0001 per cent; Se and Te, 0.0002 per cent; 
Fe, 0.0016 per cent; Ni, 0.0002 per cent; S, 0.0013 per cent; Pb, 0.0007 per 
cent; Oo, 0.035 per cent; conductivity, 101.41. 

The refinery brand “‘CCR” is stamped on one side of each wire bar 
before it isshipped. The bars are also stamped with the furnace produc- 
tion number and the inspector’s number. 
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The wire bars are removed from the cooling bosh by means of a ¢. i in 
- conveyor and are placed on inspection rails on either side of the bosh for | 
inspection. Each bar is gaged and carefully examined for defects before 
being delivered to the transportation department for stocking or shipment. | 

All copper shipments are made from the west side of the building 
(Fig. 1). Double narrow-gage track scales are used for weighing all 
outgoing material and each shipment is check-weighed before loading into 
the railroad cars. 


SILVER REFINERY 


Under ‘‘Tank Room” was described the delivery of slimes-bearing 
solutions from the copper electrolytic tanks in the tank room to a holding 
tank in the silver refinery. From this holding tank the solutions are 


Fig. 9.—PARTING PLANT. 


pumped at a uniform rate to a Dorr thickener. The overflow solutions 
from the thickener are returned through a settling tank to the tank room. 
The thickened slimes are filtered by means of an Oliver continuous filter, 
the filtrate being returned also to the tank room. The filtered slimes, 
containing approximately 25 per cent moisture, are discharged from the 
filter directly into a six-hearth 8-ft. diameter Nichols-Herreshoft roasting 
furnace, where they are roasted for approximately 114 hr. to oxidize 
the contained copper and other impurities preparatory to leaching 
with acid. The roasting temperature ranges from 500 to 650° F. After 
roasting, the copper in the slimes is 97 per cent soluble in warm 20 per 
cent sulfuric acid. 

The roasted slimes are transferred from the roasting furnace to lead- 
lined leaching tanks, where they are treated by agitating with 20 per cent 
acid solutions made up chiefly of foul electrolyte from the tank room. 
The temperature of the leach solution is approximately 190° F. 

After leaching for approximately 3 hr., the insoluble residue is allowed 
to settle and the leach solutions are decanted off. The residue is washed 
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with water and then passed over a second Oliver continuous filter. The 


filtrate is returned to the wash solution head tanks and the filtered slimes 


delivered to the doré furnace. 

The decanted leach solutions contain a considerable amount of 
copper and selenium in solution and require further treatment. From 
the leach tanks they are passed through a gravity filter to the purification 
head tank. The purification system consists of eight electrolytic cells 
employing lead anodes and lead cathodes. Practically all of the selenium 
and most of the copper are removed from the solutions in these cells, 
being precipitated in the form of a copper-selenium sludge. These 
sludges are stored for possible future treatment to recover the selenium. 
The solutions from the purification cells are treated in iron cementation 
tanks to remove the last traces of copper before being discarded. 

Table 3 gives typical analyses of the raw, roasted and leached slimes. 


TaBLeE 3.—Typical Analyses of Slimes 


Analysis, Per Cent 
Slimes 
Cu | Ag | ad As | Sb | Se | Te| Pb | Ni | Fe |SO: |SiOe 
Rawryte nn. sl so ek see sea. 45.0} 8.0|2.5/0.120/0.222/24.61/3.77| 1.91/0.037/0.338/6.21/2.18 
FUGSSTOG riche os. ies sinless epee vata 42.0] 7.5|2.3/0.083/0.107/19.17/3.18] 3.77|0.014/0.358/5.61/2.17 
SROHONOG's fectec iece sing pe ageet seer o's 3.8/31.0/9.3/0.076|0. 242/24. 62/2.43)10.16/0.006/1.030/5.38)/6.56 


The leached slimes are charged into a reverberatory doré furnace 
together with necessary fluxes of soda and niter for smelting and refining. 
A doré charge consists of approximately 8000 lb. of slimes containing 
25 per cent moisture. From 36 to 48 hr. is required to complete the 
smelting and refining operations. 

The refined doré bullion averages approximately 25 per cent Au, 
74.5 per cent Ag and 0.5 per cent Cu and a representative furnace 
production weighs 40,000 troy ounces. The bullion is ladled by hand 
from the furnace and cast into anodes, which are 6 by 9 by )4 in. thick and 
weigh approximately 150 oz. each. 

The first, or “scoria,’’ slags produced from the doré furnace are 
treated in the copper anode furnace to recover the gold, silver and copper 
values. The soda and niter slags are leached with water and the residue 
returned to the doré furnace. 

The doré anodes are delivered to the parting plant for the recovery 
of silver and gold. Here the parting is effected by means of Moebius 
electrolytic cells, which are of concrete lined with mastic, grouped in 
two units of five cells each. Suspended in each cell is a wooden frame or 
basket with a canvas-covered bottom in which the electrolytic silver 
erystals are collected. The silver crystals are scraped off the cathodes 
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by oscillating wooden scrapers operating from above. The cathodes 


consist of rolled silver sheets fastened by means of brackets to the bus- 
bars which in turn are carried by a removable wooden frame resting on the 
top of the cells. ‘The anodes are suspended on removable hangers, in units 
of three, inside of muslin bags, which are placed in frames between the 
cathodes and are also supported by the busbars. There are 15 anodes per 
cell, or 150 anodes for a total plant charge. When all of the 10 cells are in 
operation they contain approximately 22,000 oz. of bullion. When the 
silver has been removed from the anodes by electrolysis the gold remains 
in the muslin bags in the form of a fine black mud. This gold mud is 
removed from the bags, washed with water and then boiled in a cast- 
iron pot with concentrated sulfuric acid until all traces of silver are 
removed. It is then washed and filtered and charged into a graphite 
crucible, where it is melted and cast into 500-oz. bars. 

The silver is removed from the cells every 24 hr. by raising the baskets 
out of the electrolyte and scraping the crystals into tile wash carts. Here 
it is thoroughly washed with water and then charged into a graphite 
retort, where it is melted down and cast into 1000-oz. bars. 

The gold bars are 992. + fine and the silver bars are 999. + fine. 
Cast-iron molds are used for casting both the gold and the silver bars. 

The electrolyte in the Moebius cells is a nitric acid solution of approxi- 
mately the following composition: Ag, 30 grams per liter; Cu, 20 grams 
per liter; free nitric acid, 7 grams per liter. 

The flue gases from the doré furnace and from the Nichols-Herreshoff 
roasting furnace carry with them large quantities of precious metals. 
The amount of gas evolved from the doré furnace is approximately 
13,000 cu. ft. per minute at 2500° F. That from the roasting furnace is 
approximately 800 cu. ft. per minute at 500° F. 

These gases pass through brick and steel cooling flues, are mixed and 
then delivered to a three-tower scrubbing system at approximately 450° F. 
These scrubbing towers are equipped with a spray system through which 
water is continuously circulated. In this system approximately one-third 
of the solids is removed from the entering gases and the gases are fully 
saturated with water vapor. . 

From the scrubbers they pass to the Cottrell precipitator units at 
approximately 125° F. There are two Cottrell units in parallel consisting 
of twenty 8-in. diameter pipes each. The precipitator is of the pipe 
type and is made entirely of lead and lead-covered steel. 

By means of damper controls the gas volume entering each unit can 
be carefully regulated. The collected precipitate is in the form of a wet 
sludge, which tends to slide off the collecting pipes and the discharge 
electrodes, but to insure maximum effectiveness at all times the pipes and 


electrodes are thoroughly washed down every day with a high-pres- 
sure hose. 
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The efficiency of the unit as indicated by tests is approximately 99.5 
per cent and actual losses indicate silver at less than 1 oz. per day and 
gold at 0.03 oz. per day. During the first seven months of operation the 
sludge collected in the precipitator and in the scrubber system amounted 
to approximately 33,900 lb. and contained 34,900 oz. of silver and 8300 oz. 
of gold. 


POWER 


All the electric power used in the plant is supplied by the Montreal 
Light, Heat & Power Consolidated at 12,000 volts, three-phase, 60 cycles 
from two different substations over two separate lines. One line is used 
as a reserve and can be instantly switched into service in case of trouble on 
the other circuit. The incoming 12,000-volt current is transformed to 
2300 volts and 550 volts by two banks of outdoor transformers just south 
of the power house. The primary transformer bank consists of three 
1500-kva. single-phase 12,000 to 2300-volt power transformers and the 
secondary bank consists of three 400-kva. 2300 to 575-volt transformers. 
Power is carried overhead from the outdoor substation to the main 
2300-volt and 550-volt bus in the power house. 

The power house, at the south end of the tank house, contains 
the control switchboard, switching equipment, motor-generator sets, 
storage battery and auxiliary equipment. The building is of brick 
construction, 80 ft. long, 45 ft. wide and 33 ft. high, with basement. 
Ventilation is provided by adjustable louvers admitting cool air to the 
main floor and basement while the heated air is discharged through 
ventilators in the roof. 

The power for the main electrolytic circuit is supplied by three 
motor-generator sets consisting of 675-kw., 1385 to 12-volt, 5000-amp. 
direct-current generators driven by 980-hp., 2300-volt, synchronous 
motors. The three sets operate in parallel, supplying 15,000 amp. to the 
circuit. The power for the purification circuit is supplied by a 125-kw., 
25 to 3-volt, 5000-amp. direct-current generator driven by a 225-hp., 
2300-volt synchronous motor. These sets are mounted on foundations 
independent of the building, to avoid transmission of vibration to the 
building structure. 

The switching structure and equipment are located along the south 
wall of the power house and the main motor-generator units along the 
north wall. This arrangement was made with the view to possible 
future additions. 

Plant motors of 50 hp. and less operate at 550 volts, three phase, 
while larger motors operate at 2200 volts. Squirrel-cage motors under 
50 hp. are started by application of full voltage. 

Electric power is carried to distribution centers in the plant through 
lead-covered cable in iron conduit. Power for lighting is distributed by a 
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2300-volt, three-phase cable feeding lighting transformers located near “i. 
the load centers. An emergency lighting system fed by the power-house 
storage battery is arranged to go into service automatically in the event of 
failure of the alternating current supply. 


STEAM AND AIR 


The plant steam consumption varies from 13 to 20 million pounds per 
month, depending upon the outside temperature. Most of this steam is 
produced by the anode and wire-bar waste-heat boilers referred to above. 
In addition to the waste-heat boilers, a third boiler is provided, which 
acts as a stand-by and carries the load when the other boilers are not in 
operation. It consists of a direct-fired, cross-drum boiler having a normal 
capacity of 500 boiler hp. and equipped with superheater. 

All three boilers are on the same floor level and are operated and 
maintained by the Power Department. Water for boiler feed is taken 
from the river main and treated in a hot-process lime and soda water 
softener having a capacity of 10,000 gal. of water per hour. Feed water is 
delivered to the boilers by three duplex steam feed pumps. 

High-pressure (100 lb. per sq. in.) compressed air is supplied to the 
entire plant by two 17 by 1014 by 12-in. motor-driven air compressors 
having capacities to deliver 750 cu. ft. per minute each. One unit acts 
as a stand-by but both can be operated at once. Low-pressure (80 lb. 
per sq. in.) compressed air is supplied by two 20 by 12-in. motor-driven 
compressors built to deliver 860 cu. ft. per minute each. One of these 
machines acts as a spare also. 


MiIsceELLANEOUS DaTA 


A well equipped machine shop in the auxiliary building near the center 
of the plant takes care of all ordinary maintenance and repair work. 
A complete chemical and assay laboratory in the main office building 
handles all plant and control analyses. 

Initial plant construction work was started in May 1930. The first 
wire bars were shipped in May 1931. During the 29 months that the 
plant has been in operation 126,333 tons of copper have been shipped to 
domestic and foreign markets and the ““CCR” brand of wire bars has 
been favorably received in all these markets. 
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Electrolytic Copper Refinery of Ontario Refining Company, 
Limited, at Copper Cliff, Ontario 


By Frepreric Benarp,* Copper Ciirr, ONTARIO 
(New York Meeting, February, 1934) 


Tue electrolytic copper refinery at Copper Cliff, Ont., is operated by 
the Ontario Refining Co., Ltd. The associated companies behind the 
enterprise are the International Nickel Co. of Canada, Ltd.; The American 
Metal Co.; The Consolidated Mining & Smelting Co. of Canada, Ltd. ; 
and Ventures, Ltd. The plant was the outgrowth of the rapid develop- 
ment of copper resources in the nickel-copper ores of the Frood and other 
great mines in the Sudbury district, and of the desire to have all primary 
production units grouped together as closely as possible. 

The refinery is near the intersection of the Sault Ste. Marie to Sudbury 
highway and the Canadian Pacific Railway. It is about one mile south 
of The International Nickel Company’s smelter at Copper Cliff. The 
standard-gage track systems of the refinery and of the smelter are con- 
nected by a standard-gage timber railroad trestle that crosses the railway 
and the highway by means of steel girder spans. 

The Canadian National Railway has access to the plant by means of 
this trestle and the nickel company’s tracks, so that the refinery has 
connections with both the Canadian Pacific and the Canadian National 
railways, as well as a direct connection with The International Nickel 
Company’s smelter, from which the bulk of the copper to be refined is 
hauled by the latter’s electric locomotives. 


BUILDINGS 


The refinery (Fig. 1) covers approximately 60 acres, enclosed by an 
unsealable chain-link fence. The main buildings have a content of 
23,000,000 cu. ft., with a total roof area of approximately 600,000 sq. ft. 
and near them are the substation, cooling pond and main standard-gage 
track system (Fig. 2). A ladder track for car storage extends 1200 ft. 
south of the coal-pulverizer tracks and the scale house is on this spur. 
The intake and pumphouse for fresh water supply are at Kelly Lake, 
about 3000 ft. south of the plant. 

Owing to the severity of the winters, when temperatures of from 20° 
to 40° below zero are to be expected, the building of this refinery involved 
a number of problems in insulation, layout, ventilation, etc., which were 


* Plant Manager, Ontario Refining Co., Ltd. 
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Storage sheds have concrete foundation walls and footings with = 
8-in. brick or 10-in. concrete walls carried up 4 or 8 ft. above ground level, — 
and transite siding from the top of brick or concrete to the roof. 

The acid plant has 8-in. brick walls supported on concrete foundations 
with a 2 by 4-in. laminated wood roof laid on timber trusses carried on — 
timber columns. The ground floor is concrete, 6 in. thick. 


CAPACITY 


The refinery has a present production capacity of 20,000,000 lb. of 
electrolytic copper permonth. It consists of the following principal units: 

1. Tank house for 1216 concrete regular depositing tanks with a 
capacity of 20,000,000 lb. per month. - 

2. Casting and storage buildings for 40,000,000 lb. per month. 
Casting-building equipment is installed with a capacity of 30,000,000 lb., 
including anode and wire-bar furnaces, casting wheels, cranes, etc. 

3. Silver-refinery building, for the refining of silver and gold and the 
recovery of platinum and palladium, as well as the separation of selenium 
and tellurium. The equipment is installed for the present production of 
20,000,000 lb. of copper per month, with provision for future extension. 

4. Acid plant, for the recovery of nickel residue and acid, to handle 
the segregated electrolyte from the 1216 regular depositing tanks in the 
tank house. 

5. Bosh cooling-water system, including pump house, cooling pond, 
piping, etc., with a cooling capacity for 40,000,000 lb. of copper per month. 

6. Coal-pulverizing plant with foundations for an additional drier 
and a third coal pulverizer, which would give a pulverizing capacity 
sufficient for 40,000,000 lb. of copper per month. 

7. Shops, administration building, etc., most of which have facilities 
for production of 40,000,000 lb. per month. 

The refinery has been in operation a little over three years, starting 
anode-furnace operations in June, 1930, and electrolytic refining on 
July 1 of that year. 

After a record-breaking construction program, completed in only 15 
months, the plant soon settled into its stride, and the usual starting-up 
difficulties were rapidly overcome. The rated capacity of the plant has 
never been reached, of course, owing to depressed business conditions. 
It may be said, however, that the present installation has proved its 
ability to produce in excess of its rated capacity. 


WEIGHING, CHECKING, DRILLING AND SAMPLING 


Incoming blister copper is received in box cars which are sent to the 
pig-storage building. This building is 880 ft. long, 60 ft. wide, and 40 ft. 
high and contains two 10-ton overhead cranes. The pig is unloaded by 
two gantry cranes on to double-truck narrow-gage cars. It is weighed 
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and check-weighed on twin 20-ton track scales checking to 1 lb. All 
weighing and checking, drilling and sampling operations are carried on 
in the presence of shippers’ representatives. A certain proportion of the 
pig, depending on the values contained, is sent for sampling. 

A 1% -in. hole is drilled in each pig by the continuous template 
method, with an electrically driven radial drill. Drillings from the pig are 
ground, riffled and screened according to standard methods, samples 
being taken for the plant laboratory, the shipper, umpire and reserve. 
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Moisture determinations are made in an electric oven, automatically 
controlled by a thermostat. For drying blister, the temperature is held 
within a range of 300° to 350° F. 

Sampling of slags from the anode and wire-bar furnaces is carried 
out in a mill equipped with grizzlies, a 12 by 20-in. primary jaw crusher, 
a cone crusher, mechanical conveyors, trommels, three Vezin samplers 
and two sets of rolls. The cone crusher and trommels permit the 
recovery of 20 to 25 per cent of the total metallics in the slag to be 
returned to the furnace. The crushed samples are melted in a graphite 
crucible in a small oil-burning furnace, and the resulting bar and slag are 
drilled and ground, final samples being sent for assay. 
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ANoDE FURNACES AND STORAGE 


This building is 403 ft. long and 149 ft. wide, divided into three 
sections: a charging aisle 44 ft. wide, a furnace aisle 22 ft. wide and a 
casting aisle 83 ft. wide. ; 

The charging aisle has two 4-ton overhead charging cranes, with a 
charging rate of 200 tons per hour. Above these are two 10-ton overhead 
service cranes, one of which has an auxiliary 3-ton hook and magnet for 
use in connection with a 114-ton cast-iron weight for preliminary slag 
crushing in a pit at the south end of this aisle and adjacent to the slag- 
crushing plant. 

There are three reverberatory anode furnaces and space for a fourth. 
These furnaces are rated at 300 tons capacity, but charges up to 350 tons 
are handled in regular practice. The inverted arch of the furnace 
bottom is of concrete, which rests on cast-iron plates supported by 4-ft. 
concrete piers. The furnace bottom itself consists of two 12-in. layers of 
silica brick. The walls are 15 in. of magnesite brick below, and 15 in. of 
fireclay brick above the metal line, while the roof is of 20-in. silica brick. 
The verb is of chrome brick, and chrome dividers are used throughout the 
furnace between silica and magnesite. Buckstays are protected by 
copper castings, machined and drilled for circulation of cooling water, 
with provision on the furnace side of the casting to permit replacement of 
clay brick. Water-cooled steel skewbacks are used. Four charging 
bays are in each furnace, all 6 ft. 4 in. wide by 3 ft. 8 in., 3 ft. 4 in., 3 ft. 
1 in. and 2 ft. 9 in. high, respectively. The first two bays have water- 
cooled doors; the other two have doors of clay brick in a steel frame. 
All doors are operated by hydraulic lifts. 

Furnace operations have been intermittent, therefore no fair figure 
can be given as to number of charges per roof, walls or bottom. However, 
from experience to date, a roof should last 100 to 125 charges; clay-brick 
walls approximately 100 charges; magnesite walls below metal line about 
200 charges; and bottoms 3 to 5 years, by patching top layer when needed. 

Pulverized coal is used for fuel. Primary air is supplied by a 1460 
r.p.m. fan delivering 3500 cu. ft. per min. at 8 in. static pressure, and 
secondary air is supplied by a 1440 r.p.m. fan delivering 13,500 cu. ft. 
per min. at 3 in. static pressure. Furnace draft is augmented by a fan 
81 in. in diameter, which delivers 24,500 cu. ft. per min. at 414 in. static 
pressure. The stacks are 4 ft. in diameter and 35 ft. above top of fan. 
Hach furnace has three Warford burners. The firebox is 8 ft. 6 in. long 
and 13 ft. wide by 4 ft. high at the bridge wall. The hot furnace gases 
are utilized in waste-heat boilers placed above the furnaces. 

Under the furnaces are inclined pits which slope towards runout pits 
under the charging floor. Any copper that runs into these pits is sec- 
tionalized and thereby rendered easy of removal by crane. Naturally, 
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the pits must be kept dry; they are 
equipped with automatic sump pumps 
and electric water alarms. 

Material for furnace feed is brought in 
from the pig-storage building on convenient 
narrow-gage loops, which pass before the 
charging bays of each furnace. The first 
part of the furnace charge consists of a 
layer of “‘anode scrap” from the tank 
house, spread over the furnace floor to 
protect it from the impact of the copper 
pigs, which are charged in next. An 
average of 325 tons is charged in less 
than 2 hr. About 25 tons of anode scrap 
q is used later as a hot charge. Other mis- 
j cellaneous feed to the anode furnaces 
4 includes silver-refinery slags and byprod- 
ucts, tank-house and _ storage-building’ 

sweeps, bosh scale, metallicsfrom slags, etc. 
2 The furnace cycle is fairly constant at< 
; 22 hr. The melting period requires ced 
9 

& 
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4 
4 tween 11 and 12 hr. Oxidizing, poling, 
: casting and charging require from 814 to 
: 10144 hr. This cycle naturally varies with 
different types of charges. The furnace 
‘ is charged directly after casting and is 
melted flat in 6 or 7 hr. In about 5 or 
6 hr. more, the full charge is afloat and 
the oxidizing period begins. Six or eight 
iron pipes are inserted through portholesin 
the doors, and 20-lb. air is introduced into 
the bath. By this means, most of the 
easily oxidized impurities are slagged off. 
The oxidizing, or ‘‘flapping,’’ period is con- 
tinued until the oxygen content of the bath 
is over 0.60 per cent, which is determined 
by sampling in a “‘say”’ ladle at the skim 
door of the furnace. At this point the 
bath is covered with coke, and the reduc- 
ing period begins. Large, green, hard- 
wood poles are inserted through the skim 
door and forced under the bath by a 2-ton 
air lift. A charge of this size requires 5 
to 6 tons of poles (mostly white and 


V 


ae ae 


Va 


SY 
VARSVANVas 


ZN 


Pa 


LNZ\ 
mY Rs 


SN 


i 
N 


SS 


IRS 


2-10 TON CRAN: 


eR 


| WlAsr2 
9 
‘ 
1 
-: vas 
my 
- i 
J 
aS 


ANODE 


| <-(OTON CAAA 


/ Ves} 
PANES} 


SIN 


WIRE GAR c 
CHARGING FURNACE WIRE GAR CASTING AISLE WIFE GAR STOPAGE LOADING 


ANODE 


a ee 


AISLE 


WIRE BAP 
AISLE 


CATHODE STORAGE 


CHARGIVIG FURNACE ANODE CASTING AISLE 
AISLE 


AISLE 


FUG STORAGE 


Wik BAR| 
SHED 4 


538-2" 


375 


Fic. 4.—SEcTION THROUGH CASTING BUILDING. 


been removed. When the oxygen is sufficiently reduced, the set 


of the sample taken is flat, and the copper is ready to cast. The 
anodes produced run over 99 per cent copper. Their chief impurity is © 
nickel, which averages about 0.45 per cent. The gold and silver vary 
according to the charge. The slag produced, averaging about 2 per 
cent of the furnace input, is crushed, sampled, and returned to the 
International Nickel Co. smelter. Coal consumption is 11 to 12 per cent 
of total charge. 

A feature of each furnace is a double tap-hole. For anode casting 
there are two 36-ft. Walker wheels per furnace, each of which carries 22 
(heavy-type) copper molds. The wheels are cable-driven, with an oil 
drive between the motor and the cable winch, giving perfect smoothness 
of operation. Anodes are cast at the rate of 85 to 100 tons per hour. 
When operating two furnaces the same casting crew can cast both furnaces © 
within the 8-hr. day. As the wheel revolves between the pouring and 
take-off points, the anodes are cooled by sprays of water, first on the 
bottom of the mold and then on top of the anode. As the mold approaches 
the take-off point, the anode is partly lifted from it by a push-up pin 
beneath, hydraulically operated. The partly cooled anodes are then 
lifted by a one-man pneumatic take-off and placed in bosh tanks, the 
water from which circulates through the large cooling pond outside the 
building. These tanks hold 60 anodes. As the anodes are put down, 
the chain conveyors move forward 314 in., coming to rest in the correct 
space for the next anode. Thirty-eight anodes at a time are picked up 
by a swinging rack on a 10-ton overhead crane, which places them in a 
rack car for weighing and transfer to tank house. The spacing of the 
hooks on the crane racks and of the notches on the rack cars is 34 in. 
from center to center, conforming to that used in the tanks, which makes 
unnecessary any respacing of the anodes. 

This building, 544 ft. long by 80 ft. wide, runs parallel to the tank 
house at right angles to the casting building. While primarily for the 
storage of anodes, it is large enough for the storage of cathodes and 
miscellaneous materials. It has two 10-ton overhead cranes. It con- 
tains the anode and cathode scale houses, the cathode shear, and pits at 
either end for storage of anode and wire-bar coke. There are also steel 
racks for the storage of several hundred loads of anodes. Rack cars of 
anodes from the anode-casting aisle are first weighed on a 20-ton track 
scale, and the anodes are then either stored in racks or run over a straight 
line of track into the tank house. 

Cathode Shear.—This machine is at the west end of the anode-storage 
building. The shear is of the gate type, having a width of 42 in., a 
capacity of 5g-in. mild steel, and a weight of about 15 tons. Cathodes 
are placed in front of the shear on narrow-gage cars and are lifted on to 
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the dost by a 500-lb. electric hoist. After cutting, they are dropped on 
_ to an inclined apron conveyor, from which they are loaded directly into 
Eee cars, or, if further cuts are required, they are returned by gravity on 
a roller conveyor to the front of the shear. Cut cathodes are used for 
remelting in the brass trade, and as anodes in the electroplating trade. 


Tank House 


The tank house is a fireproof structure measuring 480 by 340 ft. in 
ground plan. A most particular interior paint job was done to give 
protection against the moist acid fumes. The gypsum roof and steel- - 
work were given three coats of paint and finished in aluminum. The 
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Fig. 5.—PLAN OF TANK HOUSE. 


general effect is pleasing, and the light reflection is very good. The 
cellar has an unusual amount of headroom, the distance from the floor 
to the tank bottoms being 914 ft. The cellar floor is of concrete overlaid 
with vitrified brick laid in asphalt. Asphalt is also used in the joints 
and is ironed over the surface of the brick, making a particularly smooth 
and acidproof surface. Mastic fillets from 3 to 5 in. high are laid at all 
walls, column footings, piers, etc., as protection against acid corrosion 
at the base. All parts exposed to drip are painted with black asphaltum. 
Whenever possible, pipes, launders, busbars, etc., are placed overhead. 
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The main working floor is also of concrete covered with vitrified brick 
laid in asphalt. The bricks have a very low absorption ratio, and on — 
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this floor they are not covered with asphalt. The asphalt joints between 
the bricks were made with great care. The rough surface of the bricks 
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gives a very satisfactory nonslip working floor, which is kept clean by the 
use of water and brooms. Some bricks taken up recently showed no 
penetration by acid either through the brick or joints. 

Double windows are provided for good insulation, but most of them 
are hinged to give natural ventilation when desired. There is overhead 
escape for moisture-laden air through ventilators in the monitors and 
forced ventilation is provided when necessary by six large blower fans. 
Each fan is capable of delivering 35,000 cu. ft. of free air per minute. 
The air is delivered through large iron ducts to all parts of the main 
working floor and cellar, and can be heated by steam radiators in each 
fan. However, the hot solution in the tanks provides most of the heat 
necessary to keep this large building warm. The fans are used 
chiefly for bringing in fresh, dry air to keep down humidity and 
prevent condensation. 

The tank house is arranged in four depositing aisles running east and 
west, with a parallel machinery bay on the north. This arrangement 
permits ready expansion by the addition of more depositing aisles to the 
north, leaving the machinery bay in the center of the system. Work 
aisles run north and south—a center aisle 64 ft. wide and an aisle 48 ft. 
wide at the east and west ends of the building. The center aisle gives 
a straight-line narrow-gage railway transport of anodes from the casting 
building into the tank house, and of cathodes from the tank house to the 
cathode-storage building. Within the tank house, all material is trans- 
ported either by overhead cranes, of which there are nine 10-ton units, or 
by narrow-gage cars pulled by electric winches. 

The tank house contains 1230 concrete tanks, lined with lead, laid out 
in 32 sections of 38 tanks per section, with two liberator units of six tanks 
each and two full-size experimental tanks. The tanks are constructed 
of precast, reinforced concrete slabs with interlocking ends. The con- 
crete mixture used was 1:114:214 reinforced with two layers of 14-in. 
welded wire mesh. The ends of the reinforcing mesh weré well covered 
to prevent short circuits between tanks, bolts, etc. The sides of the 
tanks are 434 in. thick; the ends, 314 in.; and the bottoms, 4 in. The 
tanks are 11 ft. 3 in. long, 3 ft. 6 in. wide, and 3 ft. 914 in. deep, inside 
dimensions. The tanks are supported by concrete piers, with a 2-in. 
slab of vitrified tile and a lead cap between the pier and the tank sill; the 
tile being for electrical insulation from ground, and the lead cap for the 
protection of the pier from drip. The tank linings are of 6-lb., 6 per 
cent antimonial lead. The concrete bottom slabs are provided with a 
number of ‘‘weep holes” for escape of solution in case of leaks. 

The experience with these concrete tanks to date has been very suc- 
cessful, justifying the departure from the older wooden construction. 
There has been no evidence of short circuits through the reinforcing, and, 
with proper care, a long life for the tanks is indicated. 
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The anodes consist of impure copper, partly refined in the anode fur- 
nace, and containing the precious metals that came in the original blister. 
They are fed to the tanks one full tank charge at a time, the 38 anodes 
in the load being suspended from a hook rack on a 10-ton stiff-leg crane. 
The anodes weigh about 530 Ib. apiece. This weight is intended to leave 
about 13 per cent anode scrap at the end of a 28-day run. The anodes 
measure 36 by 36 in. by about 114 in. thick. They are suspended in the 
tanks by means of two lugs and are spaced 3% in. from center to center. 
Between the anodes, starting sheets are hung by hand. These are thin 
sheets of refined copper suspended by two loops of the same material from 
removable copper cross rods. The cathodes are removed at the end of 14 
days, two crops of cathodes being pulled for each charge of anodes. The 
crane lifts 38 cathodes from a tank in one load. 

The electrolyte is primarily a solution of copper sulfate, with free 
sulfuric acid added to increase the conductivity. The copper content 
is held at about 3 per cent with 13 per cent free acid. By the electro- 
chemical action, the anode copper is dissolved and redeposited on the 
cathode, the soluble impurities such as nickel, iron, arsenic and antimony 
being dissolved in the solution, and the insoluble ones, such as lead, sele- 
nium, tellurium and all the precious metals remaining on the surface of 
the anode or falling to the bottom of the tank as slimes. In order to 
promote the speed and efficiency of deposition, the electrolyte is heated 
and circulated through the tanks. Solution resistance constitutes about 
50 per cent of the total resistance of the circuit, and, since the conduc- 
tivity of the solution is a function of temperature as well as of free acid 
and various soluble impurities, an economic balance is struck between 
these various factors. The adopted practice is to heat the solution to 
150° F. and circulate it through the tanks at from 214 to 3 gal. per minute. 
The usual addition agents, glue, oil and bindarine, are added in small 
quantities to promote the toughness and smoothness of the cathode 
deposit. The solution enters one end of the tank at the bottom and 
overflows at the top of the other end. Individual circulation is provided 
for each tank through a 5¢-in. rubber hose inlet and 34-in. outlet. The 
return solution flows through lead pipes to the heating tanks in the 
machinery bay. In these tanks, which are 72 ft. long, 11 ft. 6 in. wide, 
and 2 ft. 3 in. deep, the solution is heated by flowing counter-current to 
10-lb. exhaust steam carried in forty 114-in. lead pipes running the length 
of the tank. From these tanks the solution is lifted by vertical centrif- 
ugal lead pumps to head tanks, from which the solution flows out under a 
gravity head of about 6 ft. to the various sections. 

With anodes at 99 per cent copper, the copper content of the solution 
tends to build up beyond the desired 3 per cent. To reduce it, the solu- 
tion is passed through liberating tanks, using insoluble hard lead anodes 
and regular cathode starting sheets, the solution being depleted of copper 
by the amount of the cathode deposit in these tanks. 
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The depositing tanks are arranged according to the Walker multiple 
system, all tanks being in series and the 38 anodes and 39 cathodes in 
each tank being in parallel. A current of 10,500 amp. is passed through 
the tanks, the circuit voltage required varying from 60 to 160 volts, 
depending on the load. The voltage drop across each tank varies with 
conditions, usually 180 to 200 mv. There are two electrical circuits 
crossing at right angles two solution-circulation systems. By this means, 
the maximum potential difference between any two points on one circu- 
lation system is reduced to one-half the circuit voltage, and the loss 
through stray currents and copper growths in unwanted places, pipe 
lines, ete. is correspondingly retarded. 

A system of tank inspection is maintained, in order to prevent short 
circuits between electrodes, to insure proper spacing and clean contacts, 
and to obtain the best and smoothest deposit at the lowest power cost. 
The actual production is divided by the theoretical production in pounds 
per ampere-day, and the ampere efficiency thus obtained usually ranges 
between 97 and 98 per cent. 

The starting sheets for the cathodes are prepared in two special 
stripper sections charged with extra heavy anodes and rolled copper 
mother blanks. These sections have a separate circulation system. 
There are 31 anodes, 30 mother blanks, and two end sheets in each 
stripper tank. The sheets are stripped from the blanks with steel 
knives every 24 hr., the vertical system of stripping being employed. 
Each blank gives two starting sheets, one from either side, which weigh 
about 10 lb. each. Loops 4 in. wide of the same material are punched 
into them by electrically driven double-punch machines. After being — 
straightened by hand, the sheets are ready to be charged to the regular 
depositing sections, from which they later emerge as cathodes weigh- 
ing about 240 Ib. each. The removal of the thin sheet of copper from 
the mother blank is facilitated by the use of a thin film of oil on the face 
of the blank. The sides and bottom of the blank are grooved, giving a 
clean break of the sheet along these edges. 

For the removal of impurities, a given amount of electrolyte must be 
removed from the tank-house circulation each day. The principal 
solution impurity is nickel, which markedly increases the resistance of 
the solution. When removing this nickel, the other impurities are easily 
kept below ‘the desired limits. The first step is to pass the solution 
through the Pyne-Green segregating tanks, which have a bottom inflow, 
a bottom outflow, and a small orifice near the top through which passes 
less than 10 per cent of the total flow. By means of the restricted circu- 
lation at the top, a segregation takes place and the upper layers of solu- 
tion are depleted of their copper ions, the copper content being reduced 
from 3 to 1 per cent, while the nickel and acid content is somewhat 
increased. This “segregated”’ solution is then delivered by automatic 
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airlifts to the acid recovery plant (referred to later). ‘The importance of ‘ 
this step can be judged by the fact that 10 times as much power is required 
to liberate copper from solution by the use of insoluble anodes as is 
required in regular depositing tanks using copper anodes. 

The electrolytic slimes containing the precious metals are cleaned 
from the tanks every 28 days. They pass through a launder system to 
a central collecting tank and are delivered by 2)4-in. vertical hard-lead 
pumps to the silver refinery (referred to later). 

The cathodes, after being pulled from the tanks, are first washed with 
hot water under 120 lb. pressure to remove solution and traces of blue- 
stone. They are then piled on to narrow-gage cars, weighed on the 
cathode scale, and delivered to the cathode-storage building, situated 
between the anode and wire-bar furnace departments, ready for delivery 
either to the cathode shear or to the wire-bar furnaces. 


WIRE-BAR FURNACES AND STORAGE 


The charging aisle, furnaces and waste-heat boilers in the wire-bar 
furnace building are practically duplicates of the anode-furnace equip- 
ment; the casting aisle, however, is 73 ft. wide. These furnaces also 
are rated at 300 tons capacity. Because of the longer cycle, they are 
not charged as heavily as the anode furnace. About 320 tons constitutes 
a normal charge. Cathodes required for the market in sheared 
form reduce the wire-bar furnace operations to less than those of the 
anode furnace. 

The wire-bar furnaces operate on the same principle as the anode 
furnaces, except, of course, that the time is longer for refining and casting. 
The furnace cycle is fairly constant at 24 hr., as follows: 


Hovrs, 
Hours pace: 
Gliarging 5 sarge. si ie COE, 
Melting period.............. 10 toll fen apts SR e. Ueles Thies 674 
Aficat Sh ices SADE ees 4 
Mappings Ed eel ee 4 
Oxidizing, poling and casting. 11 to 12 Poling. Ta Taber ae ee ree a 
Casting (averaging all sizes 
cash). : OF, OTE. oe 5 


The oxidizing period is carried on by air pipes carrying 20-lb. air, 
introduced at the door ports and two extra ports cut in the back wall of 
the furnace. A rabble is used for flapping at the skim door. Say-ladle 
samples are taken to indicate the progress of refining. When an optical 
oxygen content of 0.90 per cent is obtained, blowing and flapping is 
stopped. Care is taken not to go much higher than 0.90 per cent oxygen 
because the copper itself will oxidize readily above that point. For 
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furnace control the approximate oxygen content is determined by micro- 
scopic examination of the samples taken during this period. It is later 
determined by chemical means. Slag is removed twice during this 
period. Slag, minus metallics, is approximately 1.75 per cent of the 
total charge. 

~ When the oxygen content is 0.90 per cent and the bath has been 
skimmed clean, a covering of low-sulfur coke is shoveled in the skim door 
to keep out impurities from the burning coal and prevent subsequent 
reabsorption of oxygen during the poling period. The copper is now 
brought up to the proper pitch by poling up with green poles (pole con- 
sumption is 8 to 9 tons per charge). The tough-pitch point is determined 
by taking block samples and watching the set. When ready to cast the 
oxygen content is about 0.028 per cent (optical). 

Typical temperature range of the copper during the melting, flapping 

and poling periods ascertained by optical pyrometers is as follows: 
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Coal consumption is 12 to 13 per cent of the total charge. 

The poled-up copper is now ready for casting into whatever refined 
shapes may be required, such as wire bars, ingots, ingot bars, cakes or 
transferred to holding furnaces for casting billets. The 40-ft. Clark 
casting wheels used are carefully built to secure stiffness and smooth 
running. The wheels are cable-driven with an oil drive between the 
motor and the cable winch, permitting smooth acceleration and decelera- 
tion and resulting in a uniform product free from edges, etc. The wheel 
accommodates 30 (four-depression) wire-bar molds and 20 ingot or ingot- 
bar molds. Two ladles are used, casting into two molds at a time. The 
molds are cooled by water sprays from beneath. The copper shapes 
drop on to a conveyor placed at an angle of 45° from the building, which 
takes them out of the bosh water and delivers them to an inspection con- 
veyor 35 ft. long in the wire-bar storage building. 

Very rigid standards and specifications have been laid down and 
adhered to. All castings are inspected accordingly and any that fail 
to conform to these standards are returned to the furnace. Cracked 
wire bars are not encountered for the reason that all molds are kept in 
first-class condition, their temperature maintained at a uniform degree 
during casting, and the copper entering the molds is carefully controlled. 
A uniform fine “crown set” is maintained on all bars. An average of 
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97 per cent good production, exclusive of warmers, is obtained under 


present practice. 

The Ontario Refining Co., Ltd., is licensed to cast cakes by a patented 
process. Various sizes of cakes, from 185 to 600 Ib. in weight, are cast. 
These “ORC” V. C. cakes are parallel-sided and are vertically cast in 
water-cooled molds. The special manner in which V. C. cakes are pro- 
duced offer the manufacturer of sheet copper many advantages. 

Billets (electro and phosphorized) are cast in 60-in. copper water- 
cooled molds located on a small-diameter wheel at the south end of the 
casting aisle. For this purpose, 5-ton holding furnaces are used. These 
small furnaces receive their charge of copper from the second tap-hole 
of the large furnace and are transported by one of the overhead service 
cranes to an electrical tilting rack adjacent to the small wheel. The 
second tap-hole on the large furnace is also used for obtaining copper for 
mold making. For wire-bar molds, the copper runs through a launder 
directly to a near-by mold press which is equipped with machined-copper 
water-cooled cores for making the required depressions. These copper 
water-cooled cores have proved very satisfactory, but their length of 
service is not yet determined. A bull ladle carried on the overhead crane 
is used when anode molds are cast in the foundry at the extreme south 
end of the casting aisle. The anode molds are cast in sand mother molds 
that have been thoroughly dried in an oil-fired oven. 

ORC copper fully meets specifications 198 and 202 of the British 
Engineering Standards Association as well as specifications of the Ameri- 
can Society for Testing Materials. A typical analysis of ORC copper is 
given in Table 1. 


TaBLE 1.—Typical Analysis of ORC Copper 


Prr Cunt Per Cent 

CASEIN OTN ons ec er a a OV00TO COR YOON wa ee 0.0300 
ATBENIC cguat si ina es 0.0005 Selenium..... 0.0018 
IBISTONDL remeeesemtes wictre etre one cate ee OFQOOO™SilVers on ccerce caer meee 0.0012 
Cobalt.0.. 2. 22. Poe Bene. Trave!” Sultures ee Mere 0.0018 
Tron 50). EO O;OOL3 aMelloriumysA Reale. ce 0.0014 
Lea@ista..xctrd. O60 b wuss seoeacO O00) sisi: atone arene 0.0000 
Mamganesest,thu:h aif anacea She 0.0000... Zines 0. seer ae pee el ee es 
INTO lc Gli sc oce oc chy ain ore ci eee See 0.0016 Copper, excluding silver...... 99.9600 
100.0009 


The wire-bar storage building, 532 ft. long and 80 ft. wide, runs parallel 
to the wire-bar casting building, with a loading shed at one end 293 ft. 
long and 25 ft. wide. Its equipment includes both broad-gage and 
narrow-gage trackage, two 10-ton overhead cranes, twin scales, and 
gantry cranes for the loading of refined shapes. From the inspection 
conveyors, which convey the copper from the casting aisle to this build- 
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ing, the refined shapes are taken by air lift, stocked on cars and sent to 
__ seales. After weighing, they are either loaded for shipment or stored in 
stock piles. Thus the handling of the copper is almost entirely mechan- 
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ical and the method of passing it from one building to the other via 
the inspection conveyor eliminates narrow-gage transportation between 


the two buildings. 
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' Sirver REFINERY 


The silver refinery occupies a fenced-in area 243 ft. long and 142 ft. 
wide, adjacent to the northeast corner of the tank house. The main 
building, 155 ft. long and 142 ft. wide, is in the form of a U, with the slimes 
room and parting plant at right angles. In addition to these three main 
divisions, there are also the flue products and scrubber plant; the gold, 
platinum and palladium, and selenium departments. 

The slimes from the tank house, along with tank-house electrolyte, 
are received in two lead-lined wooden tanks 16 ft. in diameter by 6 ft. 
deep, on an upper floor in the slimes room, with a third tank of the same 
size and construction directly underneath on the ground floor. The 
two upper tanks are connected by a lead-lined launder and the clear 
solution can flow from one to the other and then overflow into the lower 
tank. All tank outlets are shrouded so that any float slimes are retained. 

Slimes are allowed to settle 8 to 10 hr. in the upper tanks before the 
clear solution is siphoned off into the lower tank. After further settling, 
this clear solution is pumped back to the tank house by a 2-in. lead pump. 
From the settling tanks the slimes are fed through two discharge pipes 
into a 40-in. suspended centrifugal equipped with a rubber-covered steel 
basket. The liquid-solid ratio is about 1 to 1, and the overflow is regu- 
lated by means of a 114-in. duriron plug cock. A centrifuge charge 
consists of approximately 700 lb., and the dried product contains about 
20 per cent moisture. A typical analysis of these slimes is given in 
Table 2. 


TaBLE 2.—Typical Analysis of Slimes* 


Per Cent Perr Cent 
Coppet. + fe. negieiok 5 -\. se 24:70.5 Silicas clus jek bees ore 0.18 
Nickeluct A: eerie hese ears 19.807" Lead ...25.. .. pee cree 1.51 
Selenium. eee 15703 Arsenteve owe... ate ee 0.24 
‘Tethuriny | 202d aa 35 OLEe ADEN OTK ye 40 co teune eae 0.32 
Tron. sc.tohes a, cate eee O40 SOT co ea eee 5.48 


* Gold and silver content of slimes has purposely been omitted because of the 
wide variation of these metals in custom materials treated. 

In order to remove the copper and the nickel, the slimes are given a 
sulfatizing roast. Just enough concentrated sulfuric acid is mixed with 
the raw slimes to combine with the copper and the nickel. This sulfatiz- 
ing roast is carried out in a reverberatory furnace with a sectional cast- 
iron hearth 18 ft. long and 6 ft. wide. The furnace is oil-fired and is 
equipped with two burners, one at the end of the furnace and the other 
halfway down the side. A charge consists of 1700 lb. of raw slimes and 
requires 6 hr. for complete sulfatizing. The charge is continually rabbled 
during the sulfatizing period. 

The roasted slimes are raked from the furnace into round dust-tight 
cannisters, which have a conical top, and are transferred in buggies to the 
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slimes room for leaching. Each cannister holds about 375 lb. of 
roasted slimes. 


The roasted slimes are leached in two lead tanks, 6 ft. in diameter 


_ and 7 ft. deep, onan upper floor. The tanks have a skeleton steel support 


and discharge plugs in the bottom. Agitation is obtained by means of 
a heavy Ascoloy-covered lead impeller driven through bevel gears from a 
transmission shaft that runs over the center of the tanks. The mechani- 
cal agitation is augmented by a 34-in. lead pipe extending to the bottom 
of the tank, through which 40-lb. air is supplied. The tanks are also 
equipped with a steam line for heating the solution. 

The roasted slimes are hoisted up to the leaching tanks. A charge 
consists of approximately 5400 Ib. It is given one leach with 10 per cent 
sulfuric acid and one water leach. The solution is brought to almost 
the boiling point and is agitated for one hour. After settling, the leach 
liquor, consisting mostly of copper sulfate and nickel sulfate, is decanted 
off. After the water leach, the residual pulp is discharged into the 
receiving tank of No. 2 centrifuge. This machine and auxiliary equip- 
ment are similar to the raw slimes centrifuge. After washing thoroughly 
with hot water, the leached slimes are discharged into steel boxes and 
transferred to the furnace room for treatment in the doré furnace. 

The leach liquor from the roasted slimes is pumped to one of two 
cementation tanks, which adjoin the leaching tanks and are of similar 
design. Here, any selenium, tellurium, or silver present in the leach 
liquor is cemented out with copper sludge. After this cementation treat- 
ment the liquor is pumped to the tank house by means of a 1\%-in. 
vertical lead pump. ‘The slimes in the cementation tanks are centrifuged 
and given the same treatment as the raw slimes. 

The treated slimes are smelted and refined to doré metal in an oil- 
fired reverberatory furnace. This so-called doré furnace measures 8 
by 5 ft., inside dimensions, with a height of 3 ft. 414 in. at the firebox and 
2 ft. 3 in. at the uptake. The bottom is supported by a 11<-in. cast-iron 
plate which rests upon concrete pillars. Originally, the bottom was 
constructed of one course of 9-in. magnesite laid on top of a concrete slab 
in the form of an inverted arch and having a 4-in. spring. When the 
furnace was rebuilt after being in operation for two years, a monolithic 
bottom 61% in. thick was installed. The side walls are of 9-in. magnesite 
brick. The roof is built of 9-in. clay brick. The furnace is heavily 
reinforced with 1}¢ in. cast-iron plates along both sides and the ends. 
Buckstays constructed of two 7-in. channels placed back to back resist 
the thrust of the hearth and roof. The buckstays are tied together top 
and bottom with 1-in. rods. 

A doré furnace charge consists of approximately 14,000 lb. of treated 
slimes containing 20 per cent moisture. The charge is introduced into 
the furnace in batches of 1000 Ib. at a time and each batch is melted down 
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before the next one is added. The slimes are mixed with a flux ort 
per cent sand and 2 per cent fluorspar, and slag is skimmed before the 
furnace is fully charged. After the charge is melted and the scoria slag 
skimmed, the matte is refined to doré with soda ash and niter. A treat- 
ment of a charge requires approximately 48 hours. 

The scoria slag is crushed and returned to the anode furnaces. The 
soda-niter slag is leached with water, the residue is charged into the doré 
furnace and the leach liquor is pumped to the selenium plant. 

The doré is hand-ladled from the furnace and cast into plates in water- 
cooled copper molds. These plates are approximately 17 by 914 by 
1g in. in size, and form the anodes in the subsequent electrolytic treatment 
in the parting plant. 

The parting plant with its attendant operations extends the full 
length of the north side of the building. Along the north wall are the 
office and weighing room, the platinum-palladium room, Wohlwill room, 
and gold-melting room; all partitioned with glass from the parting plant. 

The parting process is carried out in 40 Balbach cells laid out in four 
rows of ten each. Each row of cells rests upon two 8-in. I-beams and 
separated from them by 314-in. concrete blocks. The I-beams are 
supported by concrete piers. The floor underneath the cells has a slope 
of 114 in. to the foot, so that any spillage or leaks will run into a mastic- 
lined gutter. 

The cells are concrete lined with mastic and measure 52 by 24 by 
9 in., inside dimensions. Carbon and graphite plates 14 in. thick are 
fitted into the bottom of the cell and form the cathode. 

The basket holder is constructed of long-leaf yellow pine, and measures 
31 by 24 by 8 in. inside dimensions. Glass rods 34 in. in diameter, resting 
on a grooved shoulder on the inside lower ends of the basket holder, 
support the basket. These baskets consist of a rectangular framework 
made from yellow pine, measuring 2914 by 2014 by 514 in. inside dimen- 
sions, around which is placed a snugly fitting canvas bag made from No. 8 
duck. The interior of the basket is lined with a piece of muslin which 
is roughly shaped to the basket. The edges and ends of the muslin are 
tucked into wooden rods along the sides. 

A charge to a cell consists of five doré plates weighing about 70 Ib. 
The cells are connected in series, and connections from the overhead 
busbars are made through flexible copper cables to a silver “candlestick ”’ 
contact. The cells operate at 185 amp. The average voltage drop 
across each cell is 4 volts. Current is supplied by a motor-generator set 
with a range of 40 to 200 volts and 150 to 200 amperes. 

The doré anodes average 992 fineness, which is chiefly silver, but 
contains appreciable quantities of gold, platinum and palladium. The 
electrolyte is a solution of silver nitrate and copper nitrate containing 
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50 grams of silver and 75 grams of copper per liter and 1 gram per liter 
of free nitric acid. 

The cells are scraped every 4 hr., and every 8 hr. the silver crystals 
are removed from the cell by a perforated aluminum shovel. After 
draining, the crystals are transferred to a stoneware tank, equipped with 
a perforated false bottom covered with muslin, which acts as a filter. 
The tank is protected by a wooden framework and is mounted on wheels. 
It will hold 9000 oz. of crystals. When full, the crystals are thoroughly 
washed with hot, distilled water to remove the copper. After draining, 
the crystals are transferred to the melting room, where they are melted 
in a graphite crucible in an oil-fired furnace and cast into bars weighing 
1000 troy ounces. 

Gold slimes are collected every 48 hr. The cell is short-circuited and 
any pieces of unparted doré are washed free of slimes and transferred 
to an adjoining basket. The inner muslin lining containing the slime 
is gathered together and the solution squeezed out. All soluble silver 
is removed in a 20-in. rubber-lined centrifuge of the supported type. 
Five bags of slimes at a time are evenly distributed in the machine and 
centrifuged until all solution has been removed. The charge is 
washed with hot water and dried in the centrifuge. Slimes are scraped 
from the bags into a steel box and transferred to the platinum- 
palladium department. 

The platinum-metals department consists of three steam-jacketed, 
round, stoneware kettles, 50-gal. capacity, located on an upper level. 
Each kettle is provided with a treated concrete hood which in turn is 
connected to a 6-in. stoneware flue that leads to a standard stoneware 
tower through which a 15 per cent solution of sodium carbonate is con- 
tinually circulated. A 6-in. stoneware exhaust fan draws the gases 
through the tower. One kettle is used for dissolving the slimes; the 
adjoining two for the precipitation of the gold. 

In operation, a charge of approximately 125 lb. of slimes is introduced 
into the kettle and digested with aqua regia for 12 hr. After settling, 
the solution is decanted through a stoneware suction filter on a lower 
level. The filter medium is an asbestos pad covered with a filter paper 
on which is superimposed a layer of twill. Any silver present in the 
slimes is caught on the filter as a chloride. It is reduced with zine and 
sulfuric acid, and returned to the doré furnace. 

The filtrate containing the gold, palladium and platinum in solution 
is elevated through a Mariotte bottle into the precipitating kettles. 
Suction is provided by a vacuum pump with a capacity of 8 cu. ft. at 
20-in. vacuum. 

The gold is precipitated from solution by the addition of ferrous 
chloride. When precipitation is complete, the solution is allowed to 
settle and is decanted through a filter similar to the one used in the 
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previous step. The gold sand is washed thoroughly in the filter, dried, 
charged into a crucible, melted and cast into anodes for treatment in the 
Wohlwill cells. 

The Wohlwill cells are of white porcelain, 1014 by 1014 by 12 in. deep 
inside, arranged in a battery of six cells, and are heated by means of hot 
plates, one plate to each cell. Electrode supports are made of silver. 
The anodes are cast with a hole in the top and suspended from the anode 
supports by silver hooks. The anodes measure 9 by 3 in. by 3 in. 
thick. The cathode starting sheets are strips of fine gold rolled out to a 
thickness of 0.005 in. and cut to proper length. One end is turned and 
punched to form a loop by which to hang it from the cathode rod. 

In each cell there are two anode and three cathode rods and from each 
rod are suspended three cathodes or three anodes. Direct current is 
used, supplied by a motor-generator set of 200 amp. capacity and 1 to 
12 volts. The cells operate at 175 amperes. 

The electrolyte is a solution of gold chloride containing 90 to 100 grams 
of gold and 100 grams of free hydrochloric acid per liter. Agitation of 
the electrolyte is furnished by air. 

Cathodes, as pulled, weigh 50 to 60 oz. each. After washing, they 
are melted in a graphite crucible and cast into bars, which have an average 
fineness of 999.8. 

After the gold sand is filtered off, the filtrate discharges into two 
stoneware tanks 24 by 48 by 24 in. deep. The platinum metals are 
cemented out with scrap hoop iron. The cemented product is fil- 
tered through the type of filter previously mentioned. The residue 
is thoroughly washed, dried and ground in a small ball mill and shipped 
to the precious-metals refinery of The International Nickel Co. at 
Acton, England. 

The furnace room contains the roaster, doré and whisker furnaces, 
which are connected to the same flue system. The flue is outdoors, in 
the yard. It is 4 ft. in diameter and fabricated out of 14-in. boiler plate. 
The brick doré flue enters the system at the extreme end and a straight 
length of flue 50 ft. long leads into a sheet-iron settling chamber pro- 
vided with baffles. This chamber measures 12 by 26 ft. by 12 ft. high. 
The outlet flue runs parallel with the inlet flue and is 96 ft. long. It 
connects with a 54-in. variable-speed fan, capacity 15,000 cu. ft. of air 
at 600° F. at 4-in. static pressure. The fan is directly connected to a 
25-hp. variable-speed motor. 

The fan discharges into a scrubber. Solids washed from the 
gases collect in the bottom of the scrubber and are discharged 
through an opening in the bottom into two sumps. The scrubber 
solution is in closed circuit with these sumps and is pumped up into the 
scrubber header by a 3-in. variable-speed direct-connected vertical-lead 
pump. 
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The solution is circulated until it reaches a density of 15° Bé. When 
it reaches this point it is pumped through a wooden plate and frame press 
by means of a 1)4-in. duriron pump. The filtrate is then sent to the 
selenium plant for the recovery of its selenium content. The residue 
caught in the filter press is discharged into a lead-lined dump car and is 
transferred to the whisker furnace for further treatment. The scrubber 
is connected to a 50-ft. lead-lined iron stack 24 in. in diameter by a 30 by 
42 in. lead flue, supported by 114 by 14-in. steel straps. 

The whisker furnace treats all the materials caught in the scrubber. 
Besides the precious metals, the scrubber sludge contains a high per- 
centage of selenium. ‘The roasting of this sludge converts the selenium 
to the oxide which collects in the flue chamber in the form of ‘‘ whiskers.” 

The whisker furnace is similar in construction to the acid roaster 
except that it has a firebrick bottom, and the fireboxes and oil burners 
are at the end of the furnace. A charge consists of one ton of sludge and 
is rabbled continuously. After all the selenium has been driven off, the 
calcined sludge is raked out into steel boxes and charged into the doré 
furnace. The gases from the whisker furnace are led off through a brick 
uptake, which is connected by a 24-in. diameter steel flue to the “‘ whisker 
chamber.” This chamber measures 14 by 6 ft. by 414 ft. high and 
is constructed of 14-in. steel plate. Six doors cover one side, through 
which the selenium whiskers are removed. These are raked out at 
intervals and transferred to the selenium plant for the recovery of the 
selenium content. 

The selenium plant is in the southeast corner of the silver refinery 
and adjoins the furnace room. It contains a lead-lined storage tank 
12 ft. in diameter and 7 ft. deep for scrubber solution, and three lead- 
lined wooden tanks 6 ft. in diameter and 6 ft. deep, one for dissolving 
the whiskers and the other two for neutralizing the solution. Each tank 
is equipped with air agitation. 

Serubber solution or leached whisker solution is charged into the agi- 
tators and is neutralized with the alkaline solution from leaching the 
niter slag. The tellurium is thrown down as tellurium dioxide, and is 
filtered off through a wooden plate and frame filter press. The neutral 
liquor is pumped into two lead-lined agitators and the selenium is pre- 
cipitated with sulfur dioxide gas. After thorough washing with water 
it is ground, dried, screened and packed for shipment. The process as 
outlined above is patented and the Ontario Refining Co., Ltd. operates 
under a license. 


ACID-RECOVERY PLANT 


In this plant the ‘‘segregated” solution, or discarded solution from 
the tank house, is first passed through a nest of 10 tanks carrying a 
current of 5000 amp., in which are used 25 lead anodes and 24 regular 
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copper starting sheets. The copper content of the solution is sea, bain 
reduced from one per cent, or 12 grams per liter, to 8 grams per liter. 
The cathodes from this section are a good commercial deposit and are 
sent to the wire-bar furnace. The solution is then passed to the second 
section of 10 tanks carrying the same current, where the copper content 
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is reduced from 8 to 0.2 grams per liter. The cathode copper deposit is 
dark and loosely adherent and it is delivered either to the anode furnaces 
or to the silver refinery for cementation purposes. 

The ‘‘decopperized solution” is next sent to cast lead horizontal 
tube evaporators (size, 6 ft. 6 in.) where it is concentrated under a 
vacuum of 28 in. mercury. In these evaporators the solution is heated 
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by means of low-pressure steam passed through several hundred lead- 


covered copper tubes. The nickel-acid-bearing solution is concentrated 
_ from 23° Bé. to about 60° Bé.; at this concentration considerable impure 


anhydrous-nickel sulfate crystallization occurs. The evaporator is then 


_dumped and the mixture of nickel residues and acid is delivered by a sand 


pump to one of the nine iron-precipitating tanks, where the solution is 
given a period of 24 hr. to cool and settle. By this time precipitation 
is practically complete, and the clear acid, now of a density of 54° Bé., 
is decanted off into a storage tank and sand-filtered to be later returned 
to and used again in the tank-house electrolyte. The nickel residues, 
which are rather finely divided, are then shoveled into launders and 
passed into 40-in. suspended centrifuges equipped with rubber-covered 
steel baskets, where they are washed and dried. 


HyprRoGEeN PLAnt 


All lead welding is done with hydrogen and air. The hydrogen is 
generated in a plant adjacent to the tank house, equipped with a 24-kw. 
motor-generator set, a bank of eight small-type electrolytic cells, and 
two 12-ft. diameter gas holders. The hydrogen is produced by the 
electrolysis of water, using caustic soda as a conducting medium, with 
iron anodes and cathodes and asbestos diaphragms. Hydrogen of 99.9 
per cent purity is generated at the rate of about 100 cu. ft. per hour. 


WaTER SysTEeM 


Services for which water is required in the refinery may be divided 
into four general classes, each necessitating water with different charac- 
teristics from the others, as follows: 

1. Boiler-feed water requires soft water free from salts, acid and 
organic matter. 

2. Bosh cooling water requires large volumes of cool but not neces- 
sarily pure water. 

3. Fire protection and general purposes require a dependable source. 

4. Drinking water must be pure and potable. 

Therefore the provision of a permanent water supply for the refinery 
constituted one of the most difficult problems in the construction of the 
plant. All outside water mains are buried 6 ft. underground. 

Water for the first three services is obtained from Kelly Lake, about 
one mile distant, while drinking water is obtained from the Town of 
Copper Cliff. Boiler-feed water is softened by the Permutit system in 
the water-treatment plant. Bosh cooling water is pumped from a cooling 
pond approximately 350 ft. east of the anode-casting building. This 
pond, or reservoir, is 350 ft. long, 314 ft. wide, with an average depth of 
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6 ft.; an area sufficiently large to eliminate the necessity of cooling sprays. 


It is at a lower elevation than the boshes, from which the water returns — 


to it by gravity. The bosh pumphouse contains three single-stage, 
motor-driven centrifugal pumps with a capacity of 5000 gal. per min. 
against a 93-ft. head, and a fire pump with capacity of 1000 gal. per min. 
driven by a steam turbine for emergency use in case of failure of electric 
power. ‘The service water supply is obtained from Kelly Lake through a 
12-in. pipe line. Two motor-driven two-stage centrifugal pumps are 
used, each with a capacity of 1000 gal. per min. against a 350-ft. head. 

All motor-driven pumps in the bosh pumphouse and at Kelly Lake 
are operated by remote control from the low-pressure air-compressor 
room in the casting building. A 2200-volt pole line supplies the pumps, 
which are started through compensating starters at the bosh pumphouse. 

Another reservoir, 175 ft. long by 175 ft. wide, with average depth of 
4 ft., is situated at the acid plant for cooling the water supplied to the 
condensers for maintaining a vacuum in the evaporators. 


COAL-PULVERIZING PLANT 


The coal-pulverizing plant is in the southwest corner of the property 
at some distance from the main group of buildings. The incoming coal, 
which is West Virginia, low-sulfur, gas slake running about 37 per cent 
volatile matter, 54 per cent fixed carbon, and 6 to 8 per cent ash, with 
sulfur under 1 per cent, is received by rail in a thaw shed along the east 
side of the building. This shed is 180 ft. long by 17 ft. wide, which is 
long enough to accommodate five cars. It is heated in winter by steam 
coils. The coal is dumped into a track hopper, crushed to 34-in. size 
and elevated to a 50-ton raw-coal storage bin 65 ft. above ground level. 
Any tramp iron left in the coal is removed by electric magnets. Leaving 
the raw-coal bin, it passes through a rotary drier, fired with pulverized 
coal, with a capacity of 20 tons per hour. The dry coal is stored in two 
cone-shaped bins and fed to two pulverizers, each of 6 tons per hour 
capacity. It then passes through cyclones to two weighing hoppers, 
from which it is pumped as required, by compressed air, to storage hoppers 
at the furnaces and the auxiliary boiler. The air-electric valves to the 
bins in the delivery system are controlled from a panel in the pulverizing 
plant, and the filling of the bins is practically automatic. The coal is 
transported a maximum distance of 1300 ft. in an overhead line insulated 
together with a heating steam line. A motor-driven 350 cu. ft. air com- 
pressor provides the air for delivery of the coal. Each bin has a steam 
connection for smothering in case of fire. All equipment and steel work 
in the coal plant is painted with aluminum, on which any coal dust can 
be readily seen. The plant is vacuum-cleaned each day and kept in a 
thoroughly clean condition. 
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STEAM AND PowER 


Large quantities of steam at various pressures are required for the 
different processes. There are large demands for low-pressure steam for 
heating tank-house electrolyte, for evaporators, drying ovens, water 
heaters, and for heating buildings. This is particularly true because of 


the cold winters and the necessity for uniformly warm temperatures 


in the electrolytic process buildings. High-pressure steam is required for 
the turbine-driven water pumps, reciprocating vacuum pumps, and a 
large number of steam siphons, etc., and the excess is used to drive a 
turbine generator for supplying power demands over and above the 
purchased peak load. 

The bulk of the steam is generated by waste-heat boilers, of which 
there are six, one over each of the three anode furnaces and the three 
wire-bar furnaces. An auxiliary boiler is at the north end of the cathode- 
storage building, centrally located between the anode furnace and wire- 
bar furnace boilers. Space has also been provided here for a second unit 
if it should be required in the future. The auxiliary boiler is brought 
into use when waste-heat steam is insufficient to supply the demand. 

The waste-heat boilers are of the Stirling, water-tube, four-drum 
type, and each has a heating surface of 6500 sq. ft. The design is stand- 
ard, except for one row of slagging tubes installed in the front row of the 
first pass. The boilers are provided with economizers and superheaters, 
the latter giving 110° F. superheat. The safety valves are set to relieve 
at 180 lb. gage pressure. The steaming rate ranges from 40,000 lb. of 
steam per hour during the melting down to 7000 lb. per hour during the 
refining period. With two or more waste-heat boilers in operation, 
sufficient steam is provided for plant requirements except during 
casting periods. 

The auxiliary boiler is also of Stirling type and has a heating surface 
of 10,000 sq. ft. It supplies steam of the same quality as the waste-heat 
boilers, but is fired by two horizontal pulverized coal burners. Flexible 
fuel-oil nozzles are also provided for emergency operation and fire protec- 
tion in case of failure of other sources of power and steam. 

The main source of low-pressure steam is the exhaust from a 2500- 
kva., at unity power factor, single reduction geared turbogenerator, 
generating power at 2300 volts in the power house. This turbogenerator 
supplies all the load above the amount of power contracted for and 
exhausts against a back-pressure of 10-lb. gage. Automatic regulating 
valves and a de-superheater are provided so that high-pressure steam 
can be bypassed around the turbine into the low-pressure line 
when required. 

The power house is at the northwest corner of the tank house, so 
placed to be close to the electrolytic circuits to reduce direct current 
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transmission losses. In the event of extension of the tank house, it a || 


would occupy a central position. Normally, the two sources of power 
(manufactured and purchased) are connected in parallel, the lighting and 
power load being carried by the turbine, but also, in part, on purchased 
power whenever there is an excess over the electrolytic load requirements. 
At the alternating-current switchboard, a load regulator holds the 
purchased power at any predetermined constant, and so controls the - 
turbine as to take care of all peaks above this amount. Power is pur- 
chased at 30,000 volts and is stepped down to 2300 volts through a bank of 
three 2000-kva. transformers, with a fourth asaspare. All are connected 
to the primary and secondary buses by double-throw disconnects. 

From the secondary busbars, a pole line leads to the acid plant to 
provide power for a 2000-kw. electric steam generator operating at 2300- 
volts, while underground cables lead to the power house and connect 
to the busbars at the purchased-power switchboard. At this switch- 
board the 2300-volt power supplies three synchronous motors, which 
drive the three motor-generator sets supplying the electrolytic load. 
Each set consists of one 2880-hp., 500-r.p.m. synchronous motor in the 
center, driving two 6000-amp., 80 to 160-volt d.c. generators, which are 
operated in parallel with direct-connected exciters. Each set is rated 
at 2500 kva. The third generator is a spare and may be used inter- 
changeably with the other two in a very flexible manner. Clean air for 
the power house is drawn in by two airplane propeller-type fans through 
oil-treated movable filters. 

Compressed air is supplied for use throughout the plant by a 2000-cu. 
ft., vertical, two-stage air compressor driven by a 400-hp. synchronous 
motor at 2200 volts. A 500-cu. ft. horizontal, two-stage compressor is 
provided as an auxiliary. 

The power house is equipped with a 15-ton hand-operated overhead 
crane. 

Power, steam, air and fuel are metered to each service and each 
department is charged for what it uses. 


LABORATORY AND MercHANICAL DEPARTMENT 


The laboratory occupies the top floor of the administration building 
and is 85 ft. long by 41 ft. wide, divided into modernly equipped depart- 
ments for the control of all plant operations. Electric furnaces, muffles 
and hot plates are used throughout. All hoods have individual fans, 
which provide a clear gas-free atmosphere at all times. 

The refinery, being built a long distance away from manufacturing 
centers, found it necessary to provide a shops building and equip it with 
the most modern machinery in order to take care of any emergency, 
This building is 400 ft. long and 70 ft. wide, and is subdivided into 
carpenter, pipe, electrical, machine, blacksmith, ironwork and welding 
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The Nichols Series System of Electrolytic Copper Refining 


By C. S. Hartorr* anp H. F. Jonnson,{ Laure, Hut, N. Y. 
(New York Meeting, February, 1934) 


Tue Nichols series system of electrolytic copper refining has success- 
fully maintained its strong competitive position in the copper-refining 
industry of today; therefore the improvements made in accomplishing 
this result are of interest. While additional interest would lie in specific 
comparisons of results obtained in series operation with those in multiple, 
we have refrained from such a comparison because it can be fair to both 
only when they are operating under similar conditions on the same grade 
of materials. 


HIsToRICAL 


The Nichols Copper Co. started a small refinery at Laurel Hill, using 
its present system, about 1892. The details of the process in its early 
stage of development were kept strictly secret, so that no information 
was published or interchange of ideas permitted with the staffs of other 
copper refineries, where the multiple system was being developed at the 
same time. However, the fundamentals of the process and type of cell 
used today differ very little from their earliest form. All operations 
including loading and unloading of tanks, and all transportation as well, 
were carried on by hand. The plant remained in this condition with a 
gradual expansion taking place until the World War forced such a rapid | 
development that little time or thought could be devoted to modernization 
or mechanical improvement requiring careful design or detailed planning. 
Considerable progress was made, however. (1) Large refining furnaces 
were developed. (2) The old expensive air-lift type of circulation was 
abandoned in favor of the present system. (3) Operating technique was 
gradually developed to a high point of efficiency. (4) Tank construction 
and lining were greatly improved, the first concrete tank being installed 
in 1915. (This tank is still in operating condition.) (5) A new power 
plant was constructed. (6) Fuel oil was substituted for lump coal on the 
refining furnaces. (7) Mechanical casting of the finished product 
was accomplished. 

During this entire period the plant was particularly fortunate in 
receiving only high-grade, clean copper bullion coming principally from 
the Phelps Dodge mines in Arizona. This, together with the lack of 


* Metallurgist, Nichols Copper Co. 
} Tank House Superintendent, Nichols Copper Co, 
398 


C. S. HARLOFF AND H. F. JOHNSON 399 


publicity given to the process and the fact that the only other series 
system in operation used a rolled anode, contributed to the erroneous 
impression that the series system could successfully treat only high-grade, 
clean copper bullion. 

The keen competition and high wages that developed at the close of 
the World War focused attention on operating costs and led to an exten- 
sive mechanicalization period.!_ Near the beginning of this period the 
treatment of lower grade, high-impurity blisters and secondary materials 
was undertaken. At first, owing to lack of experience with this type of 
material, many difficulties were encountered. (1) The old type of 
anode furnace with a sand bottom and silica brick sides proved so unsatis- 
factory that it was finally abandoned, and the present type, using silica- 
brick bottom, magnesite-brick sides and silica-brick arch was adopted. 
(2) It was also found advantageous to carefully blend the different grades 
of copper to make a charge as uniform as possible and then refine the 
metal much more thoroughly than had ever been required with only 
high-grade bullion. This operation is now carried on in a large, chute- 
charged, melting furnace, which feeds two casting furnaces, each of 
100 tons capacity. (8) As the cell spacing in the electrolytic tanks 
proved to be too close to permit proper slimes settling, it became necessary 
to reconstruct them with new caps to provide wider spacing. Cars and 
crane racks also had to be revised to conform. (4) It was found necessary 
to regulate carefully electrolyte impurities within certain limits. (5) The 
use of addition agents was improved. (6) An improved type of elec- 
trolyte heater and larger feed lines were installed, making it possible to 
operate with more circulation on the tanks and more accurate tempera- 
ture control. (7) Tank construction was further improved to provide 
more efficient insulation and reduce power losses. (8) As it was then 
found practical to treat a heavier anode, its weight was gradually increased 
until today it is 25 per cent heavier than the one used up to 1924. 
(9) Wherever the nature of the work or the installation of mechanical 
equipment made it possible, piece work has been established. All of 
these factors have contributed materially to improve efficiencies, reduce 
anode scrap to a minimum, eliminate waste and reduce the amount of 
labor required. 

In 1926 a completely new wire-bar furnace unit was installed. This 
equipment consisted of a charging crane, a 40-ft. Walker-type casting 
wheel (which more recently has been revised to pour five bars at a time 
using a single ladle), a new waste heat boiler and a bosh-water cooling 
and recovery system 

A new copper sulfate plant for treating the waste solution from the 
tank house was put into operation in 1930. This is a thoroughly modern 


1M. H. Merriss: Trans. A.I.M.E. (1926) 73, 123. 
F. R. Corwin and C. S. Harloff: Trans. Amer. Electrochem. Soc. (1930) 57, 231. 
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plant with up-to-date handling and pumping facilities, modern screening 
equipment, lead-lined, steel crystallizing tanks and oxidizers, and mas- 
tic floors. 

Throughout the plant, handling facilities have been greatly improved, 
with a corresponding reduction in labor, by the installation of cranes 
where practicable, and monorail cranes, which are peculiarly well 
adapted for the service desired in this particular plant. Tractors, 
Fordsons and battery locomotives have materially reduced interdepart- 
ment transportation expense. 

A careful study of steam and power requirements has resulted in 
many economies in both generation and distribution, which have 
materially cheapened these major items of supplies. The chief benefit 
has been derived from systematic and thorough cleaning of both external 
and internal heating surfaces of boilers while in operation as well as 
during shutdown periods, resulting in boiler efficiencies continuously in 
excess of 80 per cent. The same treatment applied to waste-heat boilers, 
together with the fact that they are over the furnaces and receive radiant 
heat direct from the molten metal bath, combine to give the boilers a 
relatively high efficiency, although not equal to that of direct-fired units. 


Tank House 


The standard electrolytic cell consists of a wooden or concrete shell 
4 in. thick, mounted on lead-capped, tile piers set in a concrete floor, 
which is protected with a layer of mastic 2 to 3 in. thick. The cell has a 
2-in. bottom lining made from the following materials: blown oil, 500 
lb.; T.R.A. asphalt, 300 lb.; powdered silica, 600 lb.; sea sand (40 mesh), 
1800 lb. The side lining is 34 in. of blown oil mopped on in successive 
layers, which are burned on with a hot iron. The completed tank is 
16 ft. by 5 ft. 4 in. by 5 ft. 2 in. deep inside the lining. It is capped with 
stationary wooden spacing blocks on each side forming slots into which 
the 102 iron suspension bars carrying five anodes each can fit. Each 
tank, therefore, contains, when loaded, 510 regular anodes, weighing 
about 56,000 lb., and 22,000 Ib. of electrolyte. In addition, a positive 
copper busbar 214 by 34 in. spanning the width of the tank is connected 
by copper cable to the negative bar on the tank immediately preceding 
it. From it five anodes at 150 lb. each are suspended by copper links. 
These serve to introduce the current into the cell. At the negative end, 
a similar busbar carrying five depositing cathodes at 45 lb. each conducts 
the current out of the cell. The anode spacing is 1134, in. center 
to center with 1-in. clearance on the side of the tank and 4 in. between 
adjacent anodes on the same suspension bar. There are no busbar 
connections throughout the tank. Each anode serves as a bipolar elec- 
trode receiving a deposit of pure copper on one side while the impure 
anode copper is being dissolved from the opposite side. The silver and 
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gold slimes thus liberated gradually fall off and accumulate in the 5-in. 


space under the electrodes. The tank is further equipped with a copper 
cut-out bar for bypassing the current during periods of loading, unloading 
and repairs. A 2-in., hard rubber plug for draining electrolyte is provided 
in the bottom of the tank, which feeds into the electrolyte launders in 
the floor between the tanks. Also, a hard rubber overflow equipped with 
a reversible lead cup for controlling the height of solution in the tank is 
in the center of one side near the top. The tanks are electrically con- 
nected in groups of about 44 (all groups are not uniform) in two parallel 


Fiq. 1.—PLAN VIEW OF LOADED SERIES TANK, SHOWING SET-UP, SPACING BLOCKS AND 
CIRCULATION INLET, NicHoLs CorrEr Co. 
lines of 22 each. This arrangement serves two purposes. It gives a 
power load of desired characteristics to be carried on the rotary converters 
that supply current to the tank house. It also furnishes a sensitive 
indicator of typical tank house troubles affecting the total resistance of 
either or both legs, such as short-circuiting, ground losses, burned out 
busbar plates, loose or dirty connections, deficient electrolyte and insufh- 
cient circulation, which result in uneven current distribution and exces- 
sive power consumption. The tank house contains 417 of these tanks, 
which can produce up to 35,000,000 lb. of cathodes per month, depending 
upon the current density used. They are loaded and unloaded by 5-ton 
cranes equipped with a lifting rack that will pick up 17 bars or 85 anodes 
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to a draft, thus requiring 6 drafts per tank. All tanks are connected so | 


that the direction of current flow is the same for the entire tank house. 
This arrangement eliminates the possible error of loading the anodes to 
receive the cathode deposit on the wrong side. Fig. 1 shows a typical 
tank and its arrangement in series with other tanks; Fig. 2, the cross- 
section through a loaded tank. 

Electrolyte for circulation is stored in lead-lined, wooden receivers at 
sufficient elevation to provide gravity flow to the tanks. From the 
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Fig. 2.—ELEVATION OF BLECTROLYTIC TANK SHOWING PLATES SPACED, CIRCULATION 
GLASS AND OVERFLOW, NicHots CoprER Co. 


receivers, the solution flows through lead-lined, heat exchangers into a 
12-in. manifold from which it flows into the lead 4-in. main feed lines. At 
proper intervals, flanged lead nipples are burned to these feed lines. To 
the nipples are bolted hard rubber connecting tubes to which rubber hose 
connections can be attached by hand. A glass tube carries the solution 
at the rate of about 3.5 gal. per minute to within 5 to 8 in. of the bottom 
of the tank. - The electrolytic action promotes additional circulation 
within the tank itself. Solution overflowing from the tanks is carried by 
launders in the floor to wooden, lead-lined, settling pits from which it is 
pumped back into the receivers. The temperature of solution in the 
tanks is maintained at about 122° F. For control purposes the tank 
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house is divided into four circulation systems which are cross-connected 
to permit interchange of solution. 

The hand-cast anode, as previously mentioned, weighs about 
110 lb. It is made from a wide variety of blister coppers as represented 
in Table 1, showing the composition of material treated during the past 
10 years. It is 56 by 12 by %¢ in., with two ears forming the top part, 
which subsequently are punched out to form the suspension lug. It is 
suspended from the steel hanger bars by acid-resistant, cast copper-alloy 
links, and the anode composition varies between the limits shown in 
Table 2. 


TaBLe 1.—Typical Analyses of Blister Treated at Laurel Hill 


Ag, Au, Ni & Se & 
Cu, As, Sb, Pb, Zn, Fe, s, 
Brand Per Oz. | Oz. | Der | Per | Per | S% | Per | Per | Per a 


Cent | fore | Pona | Cent | Cent Cent ae Cent | Cent | Cent | Gort 


.30 


USB EAN EA 5's 20» oles 0.015)0.201 |0.009 | 0.40 | 0.038) 0.20 | 0 1.09 |0.0002 
RiosTintoz x... + ssa 0.33 |0.158 |0.019 | 0.069) 0.040} 0.017) 0.08 | 0.109)0.0065 
IP YTLUG. 3 av ajo isisrs ete 0.04 |0.142 |0.015 | 0.240) 0.044) 0.01 | 0.044) 0.181/0.002 
VES INT sa 3: <'s' 5 cee 0.60 |0.045 |0.025 | 0.035) 0.034} 0.002} 0.022) 0.032/0.0135 
VEG: eaters sober 0.36 |0.025 |0.008 | 0.007} 0.035) 0.002) 0.045) 0.05 |0.15 
Granby.....,.-..+ +.» 1.10 |0.003 |0.005 | 0.025] 0.065) 0.002] 0.030} 0.15 |0.025 
Phelps Dodge...... 0.50 |0.005 |0.006 | 0.03 | 0.04 | 0.002} 0.04 | 0.035/0.03 
Tennessee........- 0.05 |0.005 |0.006 | 0.013] 0.025] 0.002) 0.044} 0.023/0.025 
Ducktown....:.... 0.05 |0.0044/0.0045| 0.047} 0.093) 0.002} 0.053} 0.074/0.016 
BOP ss cave ccs ee 0.96 |0.0022/0.004 | 0.003) 0.012} 0.002} 0.080} 0.012/0.0007 
NOV ANS .:<-<\ 55 ics ces 3.10 |0.004 |0.004 | 0.005} 0.025) 0.002) 0.025) 0.151/0.20 
Nichols blister..... 0.70 |0.20 |0.15 0.30 | 0.80 | 0.01 | 0.05 | 0.10 |0.02 
Secondary material | 93. 0.5 3.00 | 1.0 3.0 2.0 


@ One ounce per ton is equivalent to 34.3 grams per 1000 kilograms. 


TABLE 2.—Anode Composition® 


Copper, per cent......... 99.20-99.60 Selenium and tellurium, 

Oxygen, per cent.<. «..... 0.10— 0.30 per Cents. .5. se eee 0.02 -0.17 

Arsenic, per cent......... 0.03- 0.144 Nickel and cobalt, percent 0.06 -0.27 

Antimony, per cent....... 0.01— 0.06 Iron, per cent........:.. 0.001—0 .0026 

Leads percent 2 tect. sparc 0.02—- 0.12 Silver, oz. perton........ 10 — 48 
Gold, oz: perton......... 0.2 -2.4 


2 With high amounts of the insoluble impurities present, there is some loss of effi- 
ciency due to uneven anode corrosion, but this is no more pronounced in series elec- 


trolysis than in multiple. 


Following the casting and partial cooling, the warm anodes are 
punched, carefully straightened, assembled on the suspension bars and 
spray-painted (Fig. 4) on the side that is to receive the pure copper 
deposit, with a hot (180° F.) 25 per cent sodium resinate solution, which 
forms a cleavage zone that facilitates the removal of anode scrap without 
materially increasing the electrical resistance at the depositing surface. 

After a tank is loaded, it is carefully inspected and the anodes adjusted 
to see that all are hanging true without touching each other or the side 
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of the tank at any point. Electrolyte is then fed in by a 2/4-in. hose 
attached to a valve connection in the main circulating line until 6 in. 


Fic. 3.—ONE SERIES OF CONCRETE TANKS. 
Fic. 4.—PAINTING ANODES WITH SODIUM RESINATE SOLUTION. 
Fic. 5.—TRANSFERRING ANODES FROM PUNCHING AND PAINTING ROOM TO TANKS. 


of the anodes is submerged. The cut-out bar is then disconnected and 
the current begins to pass through the tank. Filling with electrolyte 
continues until solution runs out the overflow; after that the filling hose is 
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shut off and only the regular circulation is maintained. This procedure 
for cutting in tanks is carefully followed in order to obtain an initial 


cathode deposit on the resinous paint as quickly as possible. If it 


remains exposed to the hot electrolyte too long it will be dissolved and 
the cathode deposit will knit so tightly to the anode that the remaining 
anode scrap left undissolved at the end of the cycle cannot be removed. 

Pulling schedules leave the tanks in circuit long enough to theoretically 
convert all anodes completely to cathodes. With anodes of the present 
thickness, about 10,500 ampere days per tank are required. The number 
of days in circuit is determined by the current density employed. This 
tank cycle has been varied from 13 to 34 days in order to meet the pro- 
duction rates desired. While it is impossible to obtain a complete con- 
version of anodes to cathodes, the percentage of anode scrap can be kept 
extremely low. During the past four years it has never exceeded 8 per 
cent. The anodes are sufficiently uniform to attain this result without 
excessive resolution, as evidenced by the figures of power consumption 
based on power-plant switchboard readings (Table 3). These results 
represent the entire production of the tank house for at least one month. 
The large increase in cathode yield below 19 amp. per square foot is due 
partly to an increase in weight of the anode used when these results 
were obtained. 


TasBLE 3.—Power Consumption 


CURRENT CaTHODES CURRENT CaTHODES 
DENSITY, Usep, Ls, DENSITY, UseEp, Ls. 
AMP. PER PER AMP. PER PER 
T Kw-pay Se. Fr Kw-pay 
IS Rag I eo Rc ct 471 DE gta me RIA) Tate 297 
1 ee ol ek Mtn Bike a nea a 450 Da i A em ee eet ae 289 
dU tise aysiecketh ae IS Cee Rae 410 ene deg RAAT taiiicnlect a ee shee 276 
LSA ee ee A eS 400 TAT Rabat are’ Aish alte i gk i A are 272 
HON ce a 2a Bee. As ee 328 DOM) tet Lees. TERR S038 270 
PAE fe Oe re fen eT Oe 308 


Inspection and short-circuit work play a prominent role in obtaining 
good efficiencies. Approximately two men are used on this work for 
every 3500 tons of monthly cathode production. (1) Careful inspections 
are frequently made of all tanks in operation. (2) Voltages are checked 
daily on each tank. (3) Group ampere readings are taken hourly to 
insure proper current distribution on the two legs. (4) Circulation 
measurements are made daily and tank temperatures are checked at the 
same time. (5) The men have been trained to detect the growth of 
copper on the bottom of the tanks, which is peculiar to series system, and 
to break it up so that it will be at least partially redissolved without 
interruption to the tank’s operation. (6) Anodes that have become short- 
circuited can also be lifted and the cause removed without any interrup- 
tion to the tank’s operation. 
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Electrolyte control is another important factor in obtaining good 
efficiencies. Electrolyte temperature is regulated to maintain the tanks 
at about 122° F., as the most economical point. While it may be possible 
to obtain lower power consumption at a higher solution temperature, 
still the increase in steam consumption and the fact that hot electrolyte 
softens the tank lining and causes it to slip more rapidly militates against 
_ the use of higher temperatures. Based on a yearly average, approxi- 
mately 500 lb. of steam at 12 to 15 lb. pressure is used per ton of 
cathodes. 

The composition of the electrolyte is regulated by the addition of 
concentrated sulfuric acid fed slowly into the settling pits and of water 
partly supplied by cathode washing. These additions are balanced by 
evaporation and the daily withdrawal of solution highest in impurity to 
the copper sulfate plant. The loss of copper is made up by the chemical 
solution of half of the copper content of the suboxide present in the anodes. 
By careful regulation it is possible to avoid the use of depositing-out cells 
or lead grids. The copper content of the electrolyte is maintained at 
2.75 to 2.85 per cent and the free sulfuric acid at 17.50 to 18.50 per cent. 

Cathodes of the desired purity have been produced with electrolyte 
up to 1.0 per cent nickel, 0.35 per cent arsenic, 0.06 per cent antimony, 
and 0.05 per cent iron. Chlorine as sodium chloride is added daily as 
required to keep the electrolyte at about 0.0003 to 0.0005 per cent 
chlorine. Glue and Goulac are added at a ratio of one ounce and one 
pound respectively for every 50 tons of cathodes deposited. These 
figures for addition agents are average, of course, and must be varied 
somewhat as the character of deposit indicates the necessity. 

At the completion of a run, the tank is emptied of solution and the 
cathodes are washed in place, to remove all slimes, with a long-handled 
spray using about 10,000 lb. per tank of condensate water at 100° F. and 
120 Ib. pressure. This water also flows into the electrolyte circulation 
system, partly replacing the evaporation from the operating tanks. The 
cathodes are then removed from the tank, loaded on rack cars, and trans- 
ported to the stripping room. 

Before the tanks are reloaded with anodes for the next cycle, the 
lining of each tank is inspected and any soft spots or cuts are repaired. 
As there is always a little slippage of the side lining, it is necessary 
periodically to shave it off toward the bottom and renew it near the top 
of the tank, to maintain its correct size. With proper maintenance, the 
life of the wooden tank is about seven years, and the life of the concrete 
tank appears to be indefinite. 

In the stripping room each carload of cathodes is placed on the floor 
by crane. The men carefully strip off the remaining anode scrap, which 
is returned to the casting department. They also load the clean cathodes 
on flat cars ready for charging into the refining furnaces, or for sorting 
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and cutting for shipment, as the case may be. The labor required for 


this operation is approximately 0.7 man-hour per ton of cathodes. 
Following the removal of the washed cathodes from the tanks, the 


silver slime is pailed out into wooden, lead-lined boxes mounted on cars, 


which transport it to the treatment plant. A coarse screen (quarter 
mesh) removes all copper nodules and foreign material, after which the 
slime is pumped as a slurry to storage tanks that feed an Oliver filter. 
The filtrate is returned to the electrolyte system as make-up water while 
the filter cake is fed to a Nichols-Herreshoff roaster, which dries the slime 
and oxidizes the metallic copper present. The roasted slime is leached 
to recover the copper and the leach liquor goes to the copper sulfate 
plant for further treatment. The leached slime is washed, dried and 
barreled for shipment to another plant where the gold and silver are 
finally recovered. 
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Electrolytic Copper Refining at Mount Lyell, Tasmania 
By R. M. Murray,* QUEENSTOWN, TASMANIA 


AuruouGsH blister copper has been produced at the Mount Lyell 
Mining and Railway Company’s works since 1896, it is only during the 
past five years that electrolytic refining has been undertaken locally, 
this having been done previously at customs refineries, at first in the 
United States, and afterwards at Port Kembla, New South Wales. 
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Fig. 1.—GENERAL VIEW OF PORTION OF WORKS. 


Left to right: smelter building, converter building, blower building (in which 
converter-generators are housed), tank house and anode dock. Wire-bar furnace 
building in background at center. 


Possessing a hydroelectrie power plant capable of generating power 
considerably in excess of the requirements of its mines and works at the 
time, the company was in a favorable position to undertake its own 
refining work, provided this advantage was not offset by the high cost of 
coal, which would have to be imported from the mainland, and provided 
also that the capital cost of the plant would not be unduly large in regard 
to the relatively small amount of copper to be treated. A study of these 
several conditions led to the adoption of a high-density plant using 
blister-copper anodes and equipped with an electric boiler to provide any 


* General Manager, The Mount Lyell Mining and Railway Co., Ltd, 
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heating required. The original installation was designed by A.. E. 
Wheeler, of New York, with a capacity of 8000 long tons per annum, and 
this has since been enlarged to a capacity of 13,000 tons per annum. 

The plant itself and the method of operating present some unusual 
features, and in submitting the following brief description acknowledg- 
ment is made of the assistance received from Mr. W. Hart, Refinery 
Superintendent, and his assistant, Mr. D. H. Wilsdon. 


Tank House anv TANKS 


The tank house contains 144 cells arranged in 24 cascades of five cells 
each and four cascades of six cells, the former being for the deposition of 


Fic. 2.—INTERIOR OF PORTION OF TANK HOUSE. CONCRETE STRIPPPR CELLS IN 
FOREGROUND. 


commercial cathodes and the latter for making starting sheets. The 
building, which is 132 by 145 ft., is of steel-frame construction, painted 
with acid-resisting gray bituminous paint, and roofed and enclosed with 
corrugated fibro-cement, and is liberally provided with movable windows, 
placed in the sides, and monitors. A concrete wall separates the cell 
room from the purification and slime-treatment division, and a spacious 
basement extends the full length of the building, giving ample head room 
under the cells, and providing room for the various electrolyte receiving 
and heating tanks and circulating pumps. The floor is of concrete, 
covered with one inch of bitumen mastic except between the cells, where 
the wooden walkways are supported from the cell piers. A space 40 ft. 
wide over the whole length of the building in front of the tanks is used for 
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racking anodes, stripping and preparing starting sheets and for handling 
and washing cathodes. This is spanned by a 5-ton electric traveling 
crane, but there is no crane over the tanks, which are operated by 14-ton 


chain blocks suspended from I-beams attached to the roof principals, as_ 


described later. 

The original tanks are constructed of Douglas fir lined with 6 per cent 
antimonial lead weighing 5.7 lb. per square foot. Those added later are 
of the same dimensions; viz., 10 ft. 3 in. by 2 ft. 9 in. by 3 ft. 9 in. deep, 
but are built of reinforced concrete, with the interiors thickly coated with 
bitumen before lining with the same class of lead. Weepholes are pro- 
vided in the concrete bottoms for the purpose of localizing leaks. This 
type of tank has proved to be highly satisfactory, the maintenance costs 
are less, and the lead lining shows no tendency to creep or bulge away 
’ from the walls as do wooden ones. ; 

The copper conductor bars are 6 by 2 in. in section, and will carry a 
maximum current of 11,000 amp. All permanent joints on the tank 
busbars are soldered, and the connecting conductors between cascades, 
which are 7 by 2 in. in section, are U-shaped, with the horizontal part 
beneath the walkway. 


ANODES 


The anodes are cast in a straight-line machine from blister copper 
poured direct from the tilting ladle filled from the converter vessel, those 
for the commercial cells weighing 600 lb. and those for the stripper cells 
700 lb. Copper-wire suspension loops 14 in. in diameter are cast in the 
top corners, which project beyond the main mass of the anode. These 
take the place of lugs; and to prevent them from burning through at the 
metal line, they are carefully covered with lime or cement. The ends 
are turned up to prevent their pulling out while the anode is in suspension 
in the tanks. The standard anodes are 3 ft. 034 in. long by 2 ft. 314 in. 
wide, and vary from 3 to 214 in. in thickness from top to bottom. Those 
for the stripper cells are 114 in. deeper and 3 in. wider. 

Blister copper carrying 0.1 per cent sulfur has been found to give the 
best type of anode. This slightly underblown copper is denser and gives 
a more even surface on cooling than the more completely blown, and the 
tendency for nodular formation on the cathodes is reduced. Copper 
blown less is too porous, and corrodes unevenly, producing rough 
cathodes. Anodes made from overblown copper have been experimented 
with, the converter vessel being practically used as a fire-refining furnace 
with the formation of cuprous oxide, which acts as a scorifying agent. 
No attempt however was made at poling, as this was not practicable 
under existing conditions. The improvement in the anode slimes from 
this class of anode was most marked, the concentration of silver and gold 
being doubled because of the impurity elimination in the last stage of 
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converting. The disadvantages were serious, however, for although the 
bulk of the copper was very dense, big cavities formed in the castings 
and the surfaces were composed of very large blisters, up to 6 in. in diame- 
ter. Very uneven corrosion resulted and large flakes of copper occa- 
sionally became detached and formed short circuits between anode and 
cathode, with serious loss in ampere efficiency. 

Variation in the weight of the anodes is large, with the result that 
there is a considerable difference in the times occupied in their corrosion. 
This precludes the withdrawal of all the anode scrap at one time, and each 
anode has therefore to be handled separately both into and out of the 
tank, being transported by a 14-ton chain block suspended through bell 
insulators from trolleys that run on I-beams placed lengthways over the 
cascades, the usual method of loading and unloading the tanks by means 
of a crane spanning the cells not being practicable when using anodes of 
this class. This point is made clear by the fact that during the period 
between successive loadings, which varies from 18 to 21 days according 
to the current density, it is usually found necessary to replace 40 per cent 
of the anodes with oversize scrap from tanks previously cleaned. 

The average amount of the final scrap amounts to 12 per cent of the 
original anode, and this is remelted in the converter vessels, being added 
after blowing is well advanced and the slag has been poured off. At this 
stage the vessel is hottest and the cooling effect of the scrap is beneficial. 


STARTING SHEETS 


Tough and smooth starting sheets of first-class quality are made at 
a current density of 17 amp. per square foot, this lower density being 
provided by placing pairs of stripper cells in parallel. Sheets are stripped 
every 24 hr., and their average weight is 8 lb., the proportion of faulty 
sheets being negligible. They are trimmed in a guillotine and looped 
with a Morrow clip machine. Nine per cent of the total quantity is cut 
for loops, which do not require any annealing. 

The acid concentration of the stripper solution is kept between 65 
and 75 grams per liter, and its purity is maintained by the regular dis- 
carding of solution to the commercial section. Temperature is given 
close attention, and is maintained at 40° to 44° C. The amount of glue 
in the circuit is another matter that calls for particular care, 114 oz. being 
added each 8-hr. shift. The glue is dissolved in hot water and distributed 
evenly over the cells by discharging it at a regular rate from a container 
carried by a man walking between the cells, this method of addition 
giving more satisfactory results than are obtained by adding a portion 
at the end of each tank, or the whole in the supply tanks. The glue 
toughens the sheets and prevents linear crystal growth, which 


causes brittleness. 
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consumption of this mixture being one gallon per day for 500 starting 
sheet blanks. In seasoning new blanks, the mixture is put on thickly 
with a brush after the blanks have been thoroughly cleaned with fine 


emery, and no attempt is made to obtain good sheets from the first 


two drawings. 

In stripping, five alternate blanks are drawn from the cells with a 
five-pair hook bail with 10-in. centers. The blanks are then run to the 
end of the cascade, placed in a rack and stripped and oiled; then swabbed 
to remove any surplus oil. Grooved wooden strips are placed on the 
sides of the blanks to prevent the copper from depositing around the 
edges, but no bottom strip is used, so that the sheets are stripped in pairs 
joined at the bottom, these being separated by trimming in the guillotine. 


CATHODES 


Three-day cathodes are made at a current density varying between 
26 and 33 amp. to the square foot, according to the output required. 
The temperature of the electrolyte is maintained at between 50° and 
55° C. and the acid concentration at between 110 and 150 grams per liter, 
according to the current density. The acid is kept low in order to cause 
the heat generated by the resistance of the solution to provide practically 
the whole of the heating of the electrolyte. Glue is added at the rate of 
one pound per day, at 4-hr. intervals. Sulfonated castor oil is added 
with the glue to the extent of 34 gal. per day, the method of its introduc- 
tion into the circuit being that used with the stripper tanks. The soluble 
oil evidently has a marked effect in rounding off the nodules. Any excess 
of glue leads to trouble, in that small nodules protrude from the cathodes 
and cause treeing, and the cathodes become rough. 

The ampere efficiency averages 95 per cent at 27 amp. to the square 
foot, and 92 per cent at 33 amp. per square foot. 

The cathodes are drawn four at a time, by means of a four-pair hook 
bail suspended from a chain block, and are replaced by starting sheets 
that have been straightened by being flapped on a steel plate. This 
operation is carried out without short-circuiting the cells. The cathodes 
are run to trucks with rack sides, and lifted twelve at a time by a 5-ton 
overhead crane, by which they are immersed in boiling water for washing, 
and then racked in wooden stands where loose nodules are removed. 
They are then weighed and stacked ready for transport. 

It has been found advantageous to insert pine slats (1 by 34 in.) 
between new anodes and starting sheets until after the two first drawings 
of cathodes. This insures uniform spacing until the rough surfaces of 
the anodes disappear. After one day’s deposit the sheets are lifted on 
to a movable inclined flapping board suspended from the chain blocks, 


The stripping mixture used on the blanks is composed of inexpensive a4 
black grease and compounded cylinder oil thinned with kerosene, the 
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- and any irregularities are straightened out. The combined results of the 


spacing sticks and this extra straightening of the partly grown cathodes 
has increased the ampere efficiency by 4 per cent. 

The elimination of the soluble and insoluble impurities is over 98 
per cent. The cathodes are of excellent quality, producing wire bars 
with a conductivity of not less than 101 per cent. 

‘The cathodes are sent to the customs works of the Electrolytic Refin- 
ing and Smelting Co. at Port Kembla for wire-bar furnace treatment, 
these works being situated near the southern coal fields of New South 


- Wales and adjacent to wire and tube works of the Metals Manufactures 


Co., which absorb a portion of the output. The remainder of the output 
is shipped to the English market. 

A wire-bar furnace was erected at Mount Lyell at the same time as 
the electrolytic plant, but has not been placed in commission, being 
kept as a stand-by while the arrangement for customs _ treatment 
remains satisfactory. 


ANODE SLIMES 


' The slimes are of much lower grade than those obtained from refined 
anodes, being high in copper, lead, sulfur, selenium and tellurium, and 
low in silver. The quantity of slimes produced is 1.3 per cent of the 
cathode copper. 

The slimes are washed through the plug-holes in the cell, and led by 
short hoses to U-shaped lead-lined launders that flow to a central tank 
into which they discharge through a stainless-steel screen punched with 
holes 14g in. in diameter, which removes the larger pieces of copper. 
From this tank they are gravitated into a lead-lined blower case, from 
which they are forced by compressed air to a filter press with hard lead 
plates, and thoroughly washed until they are quite free from sulfate 
and acid. They are then dried on a steam table until the moisture 
content is reduced to 10 per cent, sampled by the usual cone and quarter 
method, and packed in discarded steel oil containers, which are resealed 
with the oxyacetylene torch, and dispatched to the customs silver 
refinery at Port Kembla, New South Wales, for final treatment. 


ELECTROLYTE PuRIFICATION, ETC. 


The chief soluble impurity is nickel, which is kept below 10 grams 
per liter by a daily discard of the electrolyte to the purification section. 
Here the solution is heated to 70° C. and sprayed intermittently over 
starting-sheet trimmings in an oxidizer tank. Steam and air are 
blown through the trimmings to assist the oxidation, and this is continued 
until the free acid content is reduced to less than 10 grams per liter. 
The use of pure electrolytic copper, instead of the usual blister copper 


shot high in sulfur, is probably unique, but has proved successful in 
this operation. 

The solutions are concentrated in a lead-lined boiling tank fitted 
with four hard lead steam coils until a specific gravity of 1.47 is reached, 
then they are run into semicylindrical crystallizing vats and subjected 
to three days’ cooling. 

Ordinary starting sheets are used for the deposition of the copper 
sulfate crystals, these being trimmed to the shape of the tank, and 
suspended from wooden hangers. About half the deposition takes 
place on these, and the remainder on the sides and bottom of the tanks. 
The recovery of bluestone is 85 per cent, and that which deposits on the 
sheets and tank sides is of commercial quality, some of it being marketed. 

The copper remaining in the mother liquor is recovered in a cementa- 
tion vat filled with scrap iron through which steam is blown to aid the 
deposition, and only a trace remains in the final discard. 

One liberator cell in circuit all the time and a second for one-third 
of the time are sufficient to deplete the requisite amount of copper from 
the electrolyte, and disintegrate the bluestone from the purification 
process. Any of the commercial cells may be used as liberator cells, 
the blister-copper anodes being replaced by insoluble lead anodes con- 
taining 6 per cent antimony. A small amount of lubricating oil is placed 
on the surface of these cells to prevent acid mist from rising with the 
evolution of oxygen from the anode. 

The total evaporation from all cells amounts to 3000 gal. daily, 
making ample room for the addition of water, obtained from the washing 
of cathodes and anode scrap and from cell cleaning and slimes washing. 
Attempts have been made to restrict evaporation by the use of filming 
oils, but these have been unsuccessful, the oil quickly disappearing and 
reappearing as a black greasy substance at the head of the cascades. 

Solution circulation is effected by direct-driven duriron pumps in 
the basement. 


POWER 


Power is supplied by two motor-generator sets which are housed in 
the smelter blower room close to the tank house, and controlled by the 
attendants in that establishment, each set comprising a 700-hp. synchro- 
nous motor taking three-phase, 50-cycle, 3000-volt alternating current, 
coupled direct to two direct-current, 225-kw. generators designed for 
a maximum delivery of 4000 amp. each at voltages varying from 5 to 
90 volts. 

Power requirements are high, each ton of deposited copper taking 
500 to 560 kw-hr., measured in direct current. This is due to the high 
resistance of the electrolyte and the relatively wide spacing of the anodes 
and cathodes, as previously described. 
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There is no waste heat available from reverberatory or refining 
furnaces, therefore, in view of the high cost of fuel, steam for solution 
heating, etc., is produced by an electric boiler. This has a capacity 
of 700 kw., the current being fed to three electrodes at 3000 volts a.c. 
through a one to one ratio transformer, the latter being necessary to 
provide a grounded neutral. The boiler is a cylindrical vertical shell 
10 ft. high and 3 ft. in diameter. Water is fed at the bottom from a 
90-Ib. pressure main, and a centrifugal pump circulates it from the hot 
well to the upper portion, where it comes in contact with the cast-iron 
electrodes, which are suspended in a perforated basket. The amount 
of steam generated is regulated by the adjustment of the pump valve, 
as this governs the amount of the immersion of the electrodes in the water. 

Steam is generated at 75 lb. pressure and is used for heating and 
concentrating the solution discarded for purification, heating of cathode 
wash water, heating the electrolyte when necessary, and for drying 
slimes. The average amount of power consumed by the boiler is 
300 kw-hr. per ton of copper deposited. 


HANDLING COPPER 


All copper is handled and transported about the plant by means of 
3-ton storage-battery mobile cranes of the wharf-loading type, the load 
being carried on the jib with a double chain sling. One of these machines 


TasLE 1.—Analyses of Tank-house Materials during 1932 
ee ee eee 
Solutions 
Anodes Cathodes Slimes Bluestone 
Stripper | Commercial 


Cu, per cent........ 99.05 99.980 46.50 | 3.5 3.5 25.04 
Ag, oz. per ton...... 14.75 0.320 | 1180.00 
Au, 0z. perton...... 0.43 0.008 34.00 
Sb, per cent........| 0.018 0.0008 1.45 | 0.017 0.025 
As, per cent........ 0.010 0.0004 0.59 | 0.022 0.06 
Ni, per cent........ 0.067 0.0009 0.05 | 0.22 0.80 0.15 
Fe, per cent.......- 0.015 0.09 |} 0.10 0.22 0.12 
Pb, per cent........ 0.230 0.0030 20.45 
Zn, per. cent_..<.... 0.002 Trace 0.04 | 0.001 0.001 
Bi, per-cent........ 0.0002 Trace Trace 
S, per cent......... 0.101 0.0050 11.83 
Se, per cent........ anh. 2.83 
Te, per cent........ 0.016 ae se 1.18 
CaO, per cent...... 0.033 0.19 | 0.04 0.08 
Insol, per cent...... 0.025 0.73 
H.0O, per cent....... 0.836 10.00 
Cl, per cent........ 0.005 0.005 
Specific gravity at 
UWA Cea Ae 1.14 1.18 
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ANALYSES 


- ¢ Costs 


The following are shies average working costs of spalectiilg the sith 3 
house, the output being at the rate of 11,000 tons cathodes perannum, 


the number of the crew being 33, and the rate for unskilled labor being __ 
£3.30 per week of 48 hours. ; 


Operating: 

Wagers. 58) <a 'y aa, gy Ue re a £0.750* 

Btores / 1070) PESO Perr ss SC eee 0.275 x 

Powet). wriheob ive, odd, Toei aliota wera 0.175 i 
Maintenance 

WV a6 si ramens. Ceveeie Hhecaen adhe... nds ee eee 0.110 

Stites: vw. sla rsto Ui aasniackwn tba aetna, Sl 0.075 | 
Transport and Weighing ere er eer Serre 0.045 | 
Assaying. Mit. oc. ee ey Oo 0.070 : 
Supervision: -:i'-.4 eae. ee Cee ee 0.150 | 

Totaltt Ste reeeer. b Teeahiol. sen poreiion fae £ 1.650 


* All figures in this column refer to Australian currency. 


Notes on Purification of Electrolytes in Copper Refining 


By E. 8. BarpwE.u* anp R. J. Laps, { Great Fauis, Mont. 
(New York Meeting, February, 1934) 


TWENTY years ago, W. T. Burns, in his paper presented at the Butte 
Meeting of the Institute,! discussed the general scheme then in use in the 
electrolytic copper refinery of the Anaconda Copper Mining Co. at Great 
Falls, Mont., for removing impurities from tank-room electrolyte and 
controlling its acid content. Since then marked changes have taken place 
in copper-refinery practice at Great Falls. The electrolytic copper 
refinery in use in 1913 has been replaced by a new and entirely modern 
plant capable of producing up to 27,000,000 Ib. of cathode copper per 
month. With the building of the new plant in 1916, the treatment of 
converter anodes was discontinued. At first the substitution of refined 
anodes for converter anodes resulted in a decrease in the impurity content 
of the anodes, but as time went on, changes in metallurgical practices _ 
at the smelter resulted in substantial increases in the impurity content 
of the anodes. The leaching of the silver slime to remove copper before 
shipment to Raritan for treatment further added to the purification 
problem. The fact that the scheme of purifying electrolyte which Mr. 
Burns described in his paper has proved adequate for our needs under a 
wide variation of conditions speaks well for its essential soundness. 


Metuop oF PURIFICATION 


Briefly, the method adopted for purifying tank-room electrolyte at 
Great Falls has been as follows: Each day a certain volume of tank-room 
electrolyte is run off and sent to the purification plant, where it is boiled 
down to approximately 46° Bé. The concentrated electrolyte is then 
sent to crystallizing tanks where the bulk of the copper is crystallized 
out as copper sulfate. The mother liquor is then passed through insoluble 
anode tanks to remove the last of the copper and most of the arsenic and 
antimony. It is then either returned to the tank room direct or boiled 
down to 55° Bé, the iron and nickel salts crystallized out and the mother 
liquor returned to the tank-room circuit as restored acid. 

Prior to 1930 all of the evaporating was done in lead-lined tanks 13 ft. 
in diameter by 4.5 ft. deep, provided with lead heating coils through 
which steam at 30 lb. gage pressure was circulated. 

* Superintendent of Copper Refineries, Anaconda Copper Mining Co. 

+ Superintendent of Electrolytic Copper Refinery, Anaconda Copper Mining Co. 


1W. T. Burns: Trans. A.I.M.E (1913) 46, 703. 
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To evaporate tank-room electrolyte or silver-slime plant leach water, 
114 lb. of steam was required for each pound of water removed. To 
further concentrate the electrolyte after removal of arsenic and antimony 
in the insoluble anode tanks considerably more steam was required than 
for the primary evaporation. This was due in part to the fact that the 
boiling point of the already concentrated solution was higher than the 
temperature of the steam at 30 lb. gage pressure, and to the further fact 
that nickel and iron sludge settled out in the boiling tank and formed an 
insulating layer over the coils. After the charge had been boiled down 
and the concentrated liquor siphoned off, it was necessary to boil the 
sludge for several hours with water before it could be sluiced out and the 
boiling tank made ready for a new charge. A sludge high in arsenic and 
antimony gradually built up in the tanks used for primary boiling. This 
precipitate consisted largely of basic sulfates, which were relatively 
insoluble even in boiling water and had to be shoveled out from time to 
time. The lead heating coils, even though made of 6 per cent antimonial 
lead with heavy walls, tended to expand as a result of water hammer; 
became badly scored on the inner surface by the cutting action of water 
in the steam and pitted on the outer surface by galvanic action. Fre- 
quent leaks resulted, as a consequence of which solution was sometimes 
siphoned over into the steam lines, causing rapid corrosion of steam lines 
and traps. 

Therefore, the boiling tank constituted a serious item of expense both 
from the point of operating cost and that of upkeep. 

In May, 1928, natural gas became available and shortly thereafter 
experiments were started in developing a direct-fired evaporator. To 
trace step by step the experiments that resulted in the development of a 
satisfactory continuous direct-fired evaporator both for tank-room 
electrolyte and for making restored acid would require more space than 
is available but a few more details in connection with the problem in 
general may be of interest. 


PURIFICATION PROBLEMS 


Table 1 gives the average analysis of anodes treated during the years 
1929 and 1933 inclusive. As will be noted, arsenic, antimony and 
tellurium are the principal impurities with which we have to contend. 
Inasmuch as arsenic is the only impurity that tends to build up in our 
electrolyte under normal conditions, it might perhaps be called the 
controlling impurity. 

During the year 1930 the tank room at Great Falls operated at a 
current density of 18.3 amp. per sq. ft., a density not greatly in excess of 
ordinary practice in the eastern refineries. Over the four years from 
1929 to and including 1932 the arsenic content of the anodes decreased 
while the antimony content remained constant, or nearly so. This 
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TaBLE 1.—Analysis of Anode Copper Treated at Great Falls 


Analysis, Per Cent 


Years 


1929 1930 1931 1932 


1933 
3 Months 
Only 
i ee A CRD ie a EL 


OUT GL Nea ine ae SI aie 99.290 | 99.286 | 99.349 | 99.199 | 99.406 
ATT ES real ERIS SO alia dally Foti 0.0008} 0.0010} 0.0009] 0.0010 

|e ee lee ime one PR a an te, 0.015 | 0.020 | 0.012 | 0.008 

(ee haar 3 en OR ae ae alee a 0.088 | 0.084 | 0.062 | 0.056 0.099 
Pn OG Bor Scere Apres PO 0.072 | 0.073 | 0.075 | 0.072 0.062 
SN ah ee ee! 0.012 | 0.013 | 0.010 | 0.008 
SN eoria ei cen ota eg oe. 0.084 | 0.073 | 0.089 | 0.069 

mMigkel: “isbn 3 ies paveics «ule dt leis : 0.014 | 0.022 | 0.014 | 0.010 

Bisa, Pee A ehs ulee  g 0.0057} 0.0060] 0.0054] 0.008 

Rng ee nta! We ia, fe Les. 0.0010} 0.0011] 0.0013! 0.0007 

UTS Pewee is, a Me «echt 0.0032; 0.0027} 0.0027/| 0.0024 


ee eee ee NL DGS ONES Feb) Oi oO Ob TORU Seite 
condition had an interesting effect upon our purification problem. Dur- 
ing 1930 we operated the purification plant continuously in order to 
hold the arsenic in the electrolyte within reasonable bounds. During 
a part of the year 1931 and nearly all of 1932, the purification plant was 
operated intermittently, and then only for short periods, to control the 
acid content of the electrolyte. The decrease in the antimony content 
of the anodes and increase in the arsenic content during the early part 
of this year has forced us to resume operation of the purification plant. 

The explanation of this phenomenon is simple and interesting. Anti- 
mony has a very limited solubility in tank-room electrolyte. Having 
reached the point of saturation under existing conditions, it is thrown 
out as a basic sulfate, taking with it basic sulfates of arsenic and probably 
bismuth. This is well illustrated by an experiment carried out several 
years ago by S. Skowronski, research engineer at the Raritan Copper 
Works. Skowronski electrolyzed an anode that was high in antimony 
but contained little or no arsenic, in an electrolyte high in arsenic but 
containing little or no antimony, with the result that the arsenic content 
of the electrolyte was progressively diminished as the experiment pro- 
ceeded. The following simple experiment illustrates the same principle. 

A sample of tank-room electrolyte containing 7.5 grams per liter of 
arsenic and 0.70 grams per liter antimony was divided into 100-c.c. 
portions to each of which we added antimony trioxide, Sb.Os, in weighed 
amount as shown in Table 2. Each portion was boiled for 20 min., 
made up to the original volume with distilled water and allowed to stand 
for 20 hr. At the end of this time the precipitate, which settled rapidly, 
was filtered off and the filtrate analyzed for arsenic and antimony. 

The final result of this phenomenon, which is, as far as precipitation 
of arsenic is concerned, more mechanical than chemical, is that arsenic 
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TaBLE 2,—Arsenic Precipitation Test 


Arsenic in Filtrate, Antimony in Filtrate, 


Sample Sb20; Added, Grams Grams per Liter Grams per Liter 
lend te sitios ne Cae 7.5 0.70 
1 0.25 doe Onze: 
2 0.50 6.1 0.50 
3 0.75 5.9 0.59 
4 1.00 4.9 0.42 
5 1.50 3.8 0.36 
6 2.00 3.5 0.42 
a 3.00 2.0 0.23 


instead of tending to build up in the electrolyte is precipitated in the 
refining tanks and removed finally with the silver slime. Doing away, 
as it does, with the necessity for purifying electrolyte, this might seem 
at first thought to be an ideal condition, and indeed, Addicks so states.” 
However, if one takes into account the contamination of the cathode 
deposit and the difficulties incident to removing from solution lines the 
cementlike deposit of arsenic and antimony sulfates that forms whenever 
and wherever the temperature drops a few degrees, the prospect becomes 
much less inviting. Indeed, it is questionable whether it is not actually 
cheaper to remove the impurities from solution by purifying than to 
fight the various difficulties that arise by reason of the precipitation of 
this float slime in the tank room. 

Table 3 shows the average analysis of our tank-room solutions for the 
years 1930 and 1932. The average analyses for these two years have 
been selected as showing that during 1932, when but little in the way of 
purification was attempted, there was no considerable building up of 
arsenic in the electrolyte. The lower copper content of our solutions 
during 1932 will also be noted. The copper content during 1932 was 


purposely kept low, for operating reasons which need not concern us here. 


Continuous Direct-FIRED EVAPORATOR 


Fig. 1 shows the primary evaporator used for boiling down tank-room 
electrolyte and silver-slime plant leach water. As a result of our experi- 
ments we found that No. 55 Ascaloy, a stainless steel containing approxi- 
mately 28 per cent chromium and 0.6 per cent nickel, was well suited to 
withstand the corrosive action of boiling electrolyte. The evaporator 
consists of a series of pans arranged in cascade and forming the roof of a 
gas-fired furnace. Fig. 1 shows the evaporator as at present constructed. 
Originally the evaporator had 16 pans, each 4 ft. long by 1 ft. wide and 
8 in. deep (Fig. 2a). These pans were made of sheet Ascaloy }¢ in. thick 
with corners and spouts welded. All welds were covered for protection 
with a coating of Duro acidproof cement. It was necessary to protect 


* L. Addicks: Copper Refining, 80. New York, 1921. McGraw-Hill Book Co. 
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the welds in this manner in order to avoid leaks brought about by inter- 
granular corrosion due to changes in crystalline structure as a result of 


TaBLe 3.—Average Analysis of Electrolyte 


Analysis, Grams per Liter 


var | Sess : 
Acid | Cu | As Sb | Fe | Ni | Cl 

1930 1.272 218 39.1 8.2 0.72 2.9 9.7 | 0.027 

1932 1.253 213 34.5 8.7 0.60 225 8.0 0.028 


the heat used in welding. Such corrosion as takes place is gradual. 
Unprotected welds will stand up ordinarily for as much as six months, 
but the protection described greatly prolongs their life. Mere heating 
of the metal to 500° to 600° C. without welding is sufficient to promote 
gradual corrosion. A lead-lined hood and two stacks are provided for 
carrying off the steam. Four atmospheric-type burners using natural 
gas at 5 lb. gage pressure supply the necessary heat. 

Electrolyte from the tank room is pumped to a storage tank, which 
supplies a constant-level tank at the head of the evaporator. From the 
constant-level tank two 1-in. hard-lead supply lines with lead control 
valves supply electrolyte to the first and twelfth pans. From the bottom 
pan concentrated electrolyte flows via a lead-lined settling tank to 
crystallizing tanks. After the evaporator had once been regulated very 
little attention was necessary. 

Table 4 gives the operating data for the first six months of operation. 


TaBLE 4.—Operating Data, Primary Evaporator 


Grams per Liter 


Average 
Total Gall 
re! ll allons 
ait gto’ Copper | Acid 
Blecerotyte treated. 02-5... 2 ee es ee even} £52,080 4,345| 37.5 | 220 
meach solution treated-s.........frerrs. so. .- -| 186,000 786| 56.2 | 77 
Solution evaporateds.:/. as seers. ee oe 888,030 5,131 
Concentrated solution produced...............- 448,800 2,590} 98.0 | 420 
Water evaporateds.. $1)... .- 8. 1B - 03 tbe Henle a 439,230 2,540 
Gas Used, CUSfEN SS 2.0 er Prerrrirrrirerns 6. 6,640,500 
Ee Ae IEE CRN nie ie Sah loka feng) terete ain «Res as 38,400 
Cu. ft. per pound water evaporated............... 1.86 


The saving in fuel over and above what would be required to boil 
the solution in the old steam-heated evaporating tanks amounts to about 
0.9 cu. ft. of gas per pound of water evaporated. 

In order to avoid the difficulties incident to welding, we have recently 
replaced the top twelve pans with six double-size pans made of 4¢-in. 
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PRIMARY | EVAPORATOR 


NO. 10 GA, STEEL PLATE- 
LEAD LINING NOT SHOWN 


Fig, 2.—Derratzs oF PANs: (a) ORIGINAL ASCALOY PAN; (b) DOUBLE- 
OF TWO TOP PANS IN SECONDARY EVAPORATOR, 


SIZE PAN; (c) ONE | 


E. S. BARDWELL AND R. J. LAPEE 423 


Ascaloy. These pans, one of which is shown in Fig. 2b, is bent into shape 


_ and riveted cold. Judging from our experience to date, these pans should 


last indefinitely, as the weld has thus far proved the only weak point. 

The secondary evaporator is shown in Fig. 3. This evaporator 
consists of six pans arranged in cascade. The two top pans constructed 
as shown in Fig. 2c consist of iron framework lined with 8-lb. hard lead. 
The four bottom pans are simi- 
lar to those used in the primary 
evaporator but are of ordinary 
tank steel instead of .Ascaloy. 
Threeatmospheric-ty pe burners 
are used to supply the necessary 
heat. Inthis case, however, the 
burners are placed under the 
bottom pan rather than the top 
pan as was done in the case of 
the primary evaporator. Our 
early experiments led us to place 
the burners under the top pan in the primary evaporator in order to avoid 
having copper sulfate crystallize out in the bottom pan. As in the case 
of the primary evaporator the secondary evaporator is provided witha 
lead-lined hood for carrying away the vapor. Two lead lines bring solu- 
tion from a constant-level tank to the first and the fourth and fifth pans. 

The specific gravity of the solution to be evaporated varies between 
1.36 and 1.41, but such changes as occur are always gradual. We have 
found it necessary to keep the specific gravity of the solution leaving the 
two top pans about 1.44. If the specific gravity becomes much higher, 
scale forms in the second pan and the lead melts. On the other hand, if it 
is allowed to get much lower the acid attacks the first iron pan. Specific 
gravity readings are taken hourly and very little regulation is necessary. 

Operating data showing the results obtained over the six months’ 
period are given in Table 5. 


CONSTANT slab gh yak? 


OVERFLOW TO ‘TANKS 


i 
H--GAS BURNER 


OVERFLOW PIPE 
Fig. 3.—ELEVATION OF SECONDARY EVAPORATOR. 


TaBLE 5.—Operating Data, Secondary Evaporator 


Average 
Total G 
Gallons | Gallons | Titer Acid 
NGI TERUCUM ee Me re ee et Rint ent rtsre ens ote ve 280,924} 1,835 530 
Restored acids produced teas. os wa. 6i.o. eh Re. 137,674 900 1,042 
Waterevaporabeder en apgel: <mridits cis Siete eitciaid~aheels © 143,250 935 
Ga sISe ciCiegtd cronies ste tid 2 RapoeHt oh aus ia rt sysbr erate niece’ sis ale ay + 2,602,400 
oie CTIO ALY, itrace ta hier: et dias SE re a in a> ict tain 17,000 
Cu. ft. per pound water evaporated................-- 2.23 
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REMOVAL OF IMPURITIES PS 


From the primary evaporator the solution, as has already been 
stated, is sent to lead-lined crystallizing tanks in which the greater part 
of the copper is crystallized out as copper sulfate. The mother liquor is 
then sent to insoluble anode tanks of which there are twelve arranged in 
four cascades of three tanks each. These tanks are so arranged that the 
flow from two cascades can be joined at the end of either the first or second 
tanks, thus cutting out either two or four tanks should the impurity 
content of the solutions not require the use of all of the tanks. This 
arrangement permits the attainment of greater current efficiency and 
saving of power cost. 

Table 6 shows an analysis of the mother liquor and the outlets of 
each of the three tanks in cascade: The solution is circulated through 


the tanks at the rate of six liters per minute. Antimonial lead is used | 

as anodes and copper starting sheets as cathodes.  __ i 

TaBLE 6.—Analysis of Solutions in Insoluble Anode Tanks j 

Grams per Liter 1 

No. of | Specific | 

Tanks | Gravity i) 

Acid | Cu Fe As Sb 4 
Mother liquor. 55..) see: 1.425 | 510 | 14.3] 4.3 | 18.5} 1.08 
Outlet No, ietanks seen eee. 4 1.405 | 530 1.3} 4.4 6.4| 0.40 
Outlet No: 2 tanks. +.) ee. oe. 4 1.405 | 545 0.4/ 4.4 1.8} 0.14 
Outlet No. 3 tanks............... 2 1.405 | 550 | 0.2] 4.4 0.9" 0.12 


The bulk of the copper remaining in the mother liquor from the 
crystallizing tanks is deposited in the first, or head, tank. Periodically 
the tanks are cut out, the cathode deposit cleaned off and the accumu- 
lated sludge sluiced out, drained and shipped to the smelter. Following 
is an analysis of the sludge: Copper, 29.9 per cent; silver, 14.1 oz. per ton; 
gold, 0.18 oz. per ton; zinc, 0.03 per cent; lead, 2.7; arsenic, 31.2; anti- 
mony, 1.93; selenium, 0.004; tellurium, 1.8; nickel, 1.7; bismuth, trace; 
iron, 0.2; sulfur, 4.1; insoluble, 0.5. All of the silver, gold, selenium and 
tellurium come from the leaching of silver slime, as these elements do 
not exist in tank-room solutions. 

If, as has been previously stated, our tank-room solutions are not too 
high in iron and nickel, the solution after being depleted in arsenic and 
antimony is returned to the tank room. If it is desired to lower the iron 
and nickel content of the tank-room solutions, this solution is sent via 
the secondary evaporator to crystallizing tanks where the iron and nickel 
are removed in a sludge containing about 12.8 per cent nickel and 3.9 


per cent iron and the mother liquor is returned to the tank room as 
restored acid. 


& : Se er tc es - $= oh rig 
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_ At present the nickel-iron sludge is being wasted as the recovery of 
its nickel content is not profitable. The analysis of the sludge shown 


above is quite favorable for the recovery of nickel; very much more so, 


in fact, than formerly was the case. Inasmuch as the nickel sludge 
contains 25 per cent sulfuric acid, the usual method of neutralizing with 
milk of lime is out of the question. The following tentative scheme has 


been worked out for the treatment of this sludge. 


Inasmuch as ferrous sulfate decomposes at 550° ©. and nickel sulfate 
at 703° C., it was thought that by roasting at an intermediate temperature 
it should be possible to render the iron insoluble while leaving the nickel 
sulfate water-soluble. We found that by roasting for 2 hr. at 650° C. 99 
per cent of the nickel was water-soluble while only 14.0 per cent of the iron 
remained water-soluble. The suggested scheme then, if nickel salts were 
to be made from this material, would be to roast under carefully controlled 
temperature condition at 650° C., leach with boiling water, precipitate the 
iron with milk of lime and filter. The iron-free nickel sulfate solution 
could then be evaporated and the nickel salts crystallized out. 


TaBLE 7.—Disposition of Impurities 


Per : Per . Per 
Arsenic, Lb. or Shi eTe ey N chet, on 
Total Total Total 
Year, 1932 
Liberated from anodes..........| © 62,185 79,952 11,104 
Increase in electrolyte.......... 2,392 7202 5,949 
Total PEMO VEC ra: eacesntih lost| yh OO 80,672 5,155 
Distribution of impurities: 
LOU SUN CY SITUC Wr cus Sosue feces 36,168 | 60.5] 56,388 | 69.8 470} 9.1 
Mo cuthodes. an. Sac. ee wera. 1,880 3.1; 1,990 2.5] 1,548} 30.0 
Removed in purifying...... 21,745 | 36.4] 22,316 | 27.7] 3,137] 60.9 
Volume of electrolyte purified: 
1,274,644 liters. 
Year, 1930 
Liberated from anodes..........| 187,216 163,292 48,624 
Increase in electrolyte.......... 5,1572 469 7,633 
Total reMOVEOs. 0 aceones sean | 192,373 163,761 40,991 
Distribution of impurities: 
To silyermsiime. a." os. doe! «00,914 Jed. 6) 118,505. |.72.4) 1772.) 473 
Moycathodés oe Pnae “Atube sas 3,367 Ue 3,051 1.8] 4,174] 10.2 
Removed in purifying...... 128,092 | 66.7} 42,205 | 25.8] 35,045 | 85.5 
Volume of electrolyte purified: 
9,926,073 liters. 
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It has already been shown that where the antimony content of the — 
anodes is higher than the arsenic content, the electrolyte does not tend 
to build up in arsenic to as great an extent as where the reverse is true. 
In order to bring out this fact more clearly, Table 7 has been prepared, 
showing the distribution of the portion of the impurities coming in that 
was eliminated by purifying solution or in cathode copper and silver 
slime. In studying these data it should be borne in mind that the 
tonnage treated in 1930 was approximately double that treated in 1932. 
The extent to which purification of electrolyte was attempted during 
the two periods selected for comparison will be clear if we say that during 
1930 the volume of electrolyte treated through the purification plant was 
nearly 2.7 times the total volume in circulation at any one time, while 
during 1932 the volume treated was approximately one-third the 
total volume. 

During 1932, when little purification was attempted, nearly twice the 
percentage of total arsenic was thrown into the silver slime and the 
percentage of total arsenic, antimony and nickel trapped in the cathode 
deposit likewise increased. The bulk of the antimony goes into the 
silver slime in either case. ; 

Regardless of the current density at which a tank room may be | 
operated, antimony is one of the most troublesome impurities with which 
the refiner has to contend. 
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DISCUSSION 


O. NieisEn, Ilsenburg am Harz, Germany (written discussion).—The problem of 
evaporating electrolytes by burning fuel only has already been solved and applied at 
the electrolytic plant built by the writer at Kupferwerk Ilsenburg. The concentrating 
of the electrolyte is performed on a shallow mold made of ordinary soft iron boiler 
sheet under which a grate for burning coal is arranged. As soft iron is rapidly 
attacked by the diluted acid in the electrolyte, the method was feasible only by using 
this trick: 

As acid of about 42° Bé. does not attack soft iron, care is taken never to let fall the 
specific weight of the content of the pan lower than to 42° Bé. When the pan once is 
filled with solution of this gravity, evaporation is started and continued up to 54° Bé. 
(measured as hot). By this a suspension of salts and concentrated sulfuric acid has 
been formed. About half the content is withdrawn to a settling tank where the salts 
and the acid separate. The acid is taken back to the main electrolyte. To the 
remainder of the pan content so much fresh electrolyte is added as to lower the specific 
gravity to 42° Bé. The evaporation starts again and is continued to 54° Bé. a.s.0. 

The iron pan, which costs little, lasted in the beginning for about three weeks; 
later on, when the man in charge of it had become more familiar with his work, for 
about nine months, and now we have nearly forgotten when the last pan was installed. 

It would be of general interest, if Messrs. Bardwell and Lapee could give further 
information as to the equilibrium of copper in the electrolyte, and whether the copper 
sulfate produced by the first concentrating of the electrolyte is sent back to the 
electrolyte after resolution. 
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Recovery of Precious and Secondary Metals from 
Electrolytic Copper Refining 


By M. A. Mosuer,* Perta Ampoy, N. J. 
(New York Meeting, February, 1934) 


Most modern electrolytic copper refineries have found it expedient to 
build and operate a complete secondaries plant for the treatment of the 
electrolytic slime accumulated in the cells during the corrosion of the 
copper anodes. In the earlier years this was done for the sole purpose 
of promptly recovering in marketable form the silver and gold contained 
in the slime. Later, improvements in refining methods made possible 
the recovery of the more precious metals such as platinum, palladium, 
osmium and iridium, and in recent years, due largely to an increasing 
market, many secondaries plants have undertaken the commercial 
production of selenium and tellurium. The complete up-to-date second- 
aries plant, or silver refinery as it is usually called, is therefore equipped 
for the production in marketable form of from six to eight metals. The 
physical plant and operations may be separated into six main divisions: 

1. Slime treatment, in which the raw slime is treated by wet methods 
for the removal of its high copper content and portions of other impuri- 
ties such as arsenic, selenium and tellurium. 

2. Furnace refining, in which the remainder of the base-metal content 
of the slime is removed by fluxing and fire-refining. 

3. Electrolytic parting and refining, in which the silver and gold are 
parted and obtained in the pure state. 

4. Melting of silver and gold into marketable form. 

5. Recovery and refining of the more precious metals. 

6. Recovery and refining of selenium and tellurium. 

The Silver Refinery of the Raritan Copper Works at Perth Amboy, 
N. J., is a complete secondaries plant and the following description of its 
equipment and processes is, in a general way, typical of other plants of 
its kind. 


Stime TREATMENT 
The raw slime, pumped with a minimum amount of cell solution from 
the electrolytic copper refinery, is discharged into the center of circular 
settling tanks 15 ft. in diameter by 8 ft. deep, where the slime settles out 
and the solution overflows peripherally to return to the copper refinery 
by gravity. The slime is then dropped through a bottom outlet to a 


* Silver Refinery Superintendent, Raritan Copper Works. 
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mixing tank where it is kept at the proper consistency, about 30 per c 
solids, by mechanical stirring, and fed to an Oliver continuous filter. ee 

This filter, which is mainly of hard lead construction and completely a 
proof against sulfuric acid-copper sulfate solution, has a drum 3 ft. in 
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diameter with a 4-ft. face. The cake, which attains a thickness of 14 in., 

is washed with water from a spray pipe as the drum revolves, and 

discharged with a moisture content of less than 35 per cent into lead- 

lined trucks. : 
The slime cake is then taken to a pan roasting furnace 27 ft. long by 

9 ft. wide, transferred to sheet-iron pans 48 by 22 by 4 in., which are | 

then stacked in sets of three. One of these Sets is introduced on rollers 
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into each of the 10 doors opening on either side of the furnace. Heating 
is obtained by means of two oil burners at one end of the furnace, the 
pans being protected from the flame by the brick roof over the divided 
firebox, which extends the full length of the furnace under either row of 
pan racks. At the rear end of the furnace the hot gases are conducted 
up and back over the pans to the gas stack at the burner end. The 
slime is left undisturbed under a temperature of about 700° F. for a — 
period of 8 hr., ample air being admitted to the combustion chambers to 
insure an oxidizing atmosphere. The pans are then removed from the 
furnace and elevated by means of an electric hoist to the leaching-tank 
platform where the entire roaster charge of approximately 3000 lb. 
of oxidized slime is dumped into one leaching tank containing a boiling 
15 per cent sulfuric acid solution. 

These tanks, circular in shape and 5 ft. in diameter by 6 ft. deep, 
consist of a channel-iron skeleton lined with 10-lb. hard lead, and stirring 
is obtained with a slow-moving two-bladed cast-lead paddle, gear-driven 
from above. Agitation is continued for several hours until the copper 
is leached out and a test of the liquor shows silver in solution. A quan- 
tity of raw slime, having sufficient metallic copper content to precipitate 
the silver from solution, is then added and after a short period of settling 
the leach liquor is siphoned off. Water is run into the tank and boiling 
and agitation resumed in order to wash the entrained leach liquor out of 
the slime. Five washings are usually sufficient and the slime is then 
dropped through a bottom outlet into a sump from which it is pumped 
by a Shriver diaphragm pump to the mixing tank, preparatory to dewater- 
ing on a Moore Oliver-type filter. The cake is given a final wash on 
this filter and discharged into lead-lined trucks ready for furnace refining. 

Any leach liquors or wash waters that upon test show selenium or 
tellurium in solution are pumped to precipitating tanks, where these 
elements are removed by boiling in contact with copper. The precipitate 
thus formed is later treated in the doré furnaces for the recovery of any 
values it may contain. 

All boiling of solutions is done with steam introduced through open- 
end lead pipes or coils, dilution from condensation being of no importance. 
Leach liquors and wash waters are removed from the leaching tanks by 
means of large gravity siphons into a sump tank from which they are 
pumped wherever desired with a 2-in. vertical centrifugal pump. All 
solutions free from selenium and tellurium are pumped back to the settling 
tanks, from which they return to the electrolytic copper refinery by 
gravity. Solution lines are all of hard lead and fitted with lubricating 
duriron plug cocks. 

The standard dry vacuum system is used for both Oliver-type filters, 
each being equipped with a 914 by 8-in. vacuum pump and a 2-in. 
Olivite centrifugal pump to remove the filtrate against the vacuum. 


ment are given in Table 1. 


Taste 1.—Typical Analyses of Electrolytic Slime 


Raw Slime Treated Slime 
Silver. azt peritoniaAa., te spect eee eee 5130.88 7684.00 
Gold) 02.0 DeTstON ci ties sa ey oe ae 101.52 146.20 
_ Copper, per eent.....2 4: «45 ae eee 18.10 1.74 
Lead sper cent! eres. hee tee eee eee 3.19 7.18 
Arsenic pertcent 2.7. Oo. SEM. Greene oe oe 5.63 3.60 
Antimony, percent) sisuwae. 1G. ageidels - yal 4.66 13.97 
Selenium, per, centis..4 tues eiskieaet eee 5.31 4.51 
(ellumumy per cents eae. ee ee 6.14 3.49 


The percentage difference unaccounted for in each analysis is made 
up of sulfates, oxides and silica. 


FURNACE-REFINING OF SLIME 


The treated slime, containing less than 2 per cent copper and from } 
25 to 30 per cent moisture, is charged into a small reverberatory furnace 
and melted down, a complete charge consisting of 8 to 10 tons of wet 
slime introduced into the furnace one ton at a time over a period of 
approximately 20 hr. When completely melted, a vitreous slag, con- 
sisting of the lead and a large portion of the antimony combined with 
the silica content of the slime, rises to the surface and is skimmed off. 
Two air pipes are then introduced into the melt, and working of the 
charge with rabbles is continued for about six hours until the remainder 
of the antimony has been volatilized. The arsenic and a part of the 
selenium and tellurium are also driven off during this period. Several 
hundred pounds of fused sodium carbonate is next introduced to break 
up the matte, after which the removal of the remaining selenium, 
tellurium and other base metals in the form of a water-soluble slag 
is carried on with the use of sodium nitrate as a flux and oxidizing 
agent. As this slag forms in sufficient quantity it is skimmed off 
and more niter worked in, this procedure being continued until the 
bath of doré (silver and gold) remaining in the furnace is of a 
high degree of purity, averaging 980 fineness silver and 15 fineness 
gold. The total time of the furnace refining cycle is from 48 to 72 hr. ‘ 
depending on the base-metal content of the slime. 

This silver-gold metal is then ladled out into water-cooled, double- 
face, reversible molds to produce anodes for the subsequent electrolytic 
parting. Two types of anodes are cast, one 1914 by 2114 by 14 in. for the 
Thum electrolytic process, and the other 614 by 9 by 4 in., with a small 
lug at one end, for the Moebius process, 
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The furnaces have a hearth area 6 by 8 ft. The bottom and sides are 
lined with magnesite brick and the roof is of clay brick. They are oil- 
fired with a single Quigley-type burner through a combustion chamber 
at the rear, the oil consumption being from 15 to 20 gal. of light fuel oil 
per hour. The working of the charge is done through a front door above 
which the uptake carries the gases into the main flue, while the charging 
of slime is done through a door midway in the side. 

A motor-driven draft fan 6 ft. in diameter midway in the main flue 
system furnishes the draft for the furnaces and keeps the gases moving 
through the entire flue system. Ample cooling area and chambers for 
settling out the dust are provided before the gases enter the base of the 
first of three steel-supported lead towers 25 ft. high by 4 ft. 6 in. in 
diameter. As the gases rise they are scrubbed and moistened with water 
falling from the top of the tower. This treatment is repeated in the 
downward passage of the gases through a second tower, and in rising in 
the third tower they drop their excess moisture before entering a Cottrell 
electrical precipitator. 

The lower ends of the three lead towers in the scrubber system are 
immersed in a water-seal tank from which the scrubber water overflows 
into a settling tank. The clarified discharge from this settler is conducted 
to a 3-in. duriron centrifugal pump of capacity ample to deliver the water 
again at the top of the first two towers into reservoirs through the per- 
forated bottoms of which it falls as a spray through the columns of gas. 
Adequate scrubbing and moistening is obtained in this manner without 
the use of baffles or tower packing. 

For final treatment the gases are passed through a standard tube-type 
three-unit Cottrell electrical precipitator. Each unit consists of 26 
vertical lead tubes 8 in. in diameter by 12 ft. long equipped with a care- 
fully centered lead-covered electrode wire on which the high-tension 
electric current is impressed. The four corner tubes of the unit are 
11 in. in diameter and have a correspondingly larger lead-covered iron-rod 
electrode sufficiently strong to carry an insulated grid, which keeps the 
other wire electrodes centered in the 8-in. tubes. Even distribution of 
the gas is obtained in a chamber beneath the tubes while another chamber 
over the top of the tubes protects the process from the weather, at the 
same time providing for the exit of the gases through a vertical stack in 
which tests of the efficiency of precipitation can be made. One of these 
units ordinarily is capable of clearing the gases from the operation of 
two doré furnaces for a period of 12 to 16 hr. The high-tension unidirec- 
tional current for the precipitation is obtained by transforming 220-volt 
alternating current to 50,000 volts and then rectifying mechanically. 

Operation of the three units is so arranged that there is always avail- 
able a clean unit that may be put into service while either or both of the 
other units are shut down for cleaning. Every approach to any unit in 


.. 
ry 


operation is guarded by one of a system of Robinson interlocks which 
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of injury from the high-voltage current. 
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The sludge-press cake is then delivered to a reverberatory roaster, 
where it is given a slow low-temperature roast for the removal of selenium 
and arsenic. In the flue chambers taking the gases from this roaster 
the selenium is deposited as selenious oxide crystals, which are periodically 
removed to the selenium plant, while the arsenic passes out into the air 
through a high stack. The material remaining on the furnace hearth 
consists mainly of lead and antimony oxides together with the silver and 
gold values contained in the original sludges. This roasted sludge is 
packed in bags and shipped to a lead refinery for final treatment. 

The vitreous lead-antimony slag skimmed off early in the furnace- 
refining of the treated slime is reduced in a jaw crusher and also shipped 
to a lead refinery for final treatment. 

In order to insure the subsequent removal from the cycle and the 
recovery of the selenium and tellurium, every precaution is taken during 
the fluxing stage of the furnace refining operation to make the slag as 
completely water-soluble as possible by means of the proper use of both 
sodium carbonate and sodium nitrate. This alkaline slag is reduced to 
}4 in. in the jaw crusher and dumped into concrete leaching vats 15 by 
15 ft., which are equipped with burlap and sand filter bottoms. Ten 
to fifteen 24-hr. leaches with water remove the selenium and tellurium 
contents in the form of a highly caustic solution of sodium selenite and 
sodium tellurite which is pumped from beneath the filter bottoms direct 
to the selenium department for treatment. The insoluble slag residue 
remaining after leaching is dried and returned to the blister-cop- 
per furnaces. 


ELECTROLYTIC PARTING AND REFINING OF SILVER AND GOLD 


The standard processes employed for the electrolysis of silver-gold 
anodes do not lend themselves to the elimination of any appreciable 
amount of base-metal impurities, since the latter may be rendered soluble 
as the anode corrodes and then be plated or cemented out at the cathode 
with the silver. The anode metal is brought to the highest possible 
purity therefore in the doré furnace, 995+ parts of silver plus gold, and 
the electrolytic treatment becomes simply a parting process to separate 
the silver from the gold and any other precious metals the anode may 
contain. Two types of electrolytic equipment are commonly employed, 
the Thum or horizontal process, and the Moebius or vertical process, each 
having its advantages and disadvantages, which will be discussed later. 

In the Thum process the anode is placed within a wooden frame lined 
with muslin and covered with a close-fitting canvas sack. This frame in 
turn is placed in a heavier frame which, resting on the sides of the electro- 
lytic cell, is partly immersed in the electrolyte and equipped with slats 
across the bottom to support the weight of the anode. This anode 
frame assembly covers about one-half the solution area of the cell, leaving 
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the other half open. The cells themselves, measuring 48 by 24 by 7 in., — 

were formerly of vitrified chemical stoneware or porcelain but are now 
being replaced with asphalt-lined concrete tanks. The bottoms of these 
tanks, which must serve as cathode surfaces, are lined with slabs of 
graphite and carbon }y in. thick. The current enters the cell through a 
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silver contact piece which rests on the submerged anode in the tray, and 
is conducted from the cell through another silver contact which rests 
on the graphite slabs underneath the solution at the open end of the cell. 
The silver corroded from the anode passes through the muslin and canvas 
diaphragms, deposits on the carbon-slab bottom underneath the tray, and 
is scraped forward periodically by hand to the open end of the tank to 
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make way for continued deposition. The accumulated deposit is 
removed from the open end of the tank to a filter-bottom wash car once 
each shift. As the anode corrodes away, another is placed on top of it so 
that each anode in turn is completely electrolyzed, leaving no scrap to 
be remelted. 

The anode current density is 50 amp. per sq. ft. with a maximum 
current per cell of 150 amp. at 3 to 314 volts, the cells being arranged in 
series in sections of 21 tanks. The electrolyte is a neutral silver-copper 
nitrate solution analyzing 60 grams per liter silver and 40 grams per 
liter copper. 

In the Moebius or vertical electrolytic parting process the same solu- 
tion and current density are employed, but the anodes and cathodes are 
suspended vertically in a cell measuring 24 by 29 by 22 in. The anodes, 
9 by 634 by }4 in. with a lug for hanging, are suspended in rows of three 
in canvas bags, the anode bar across the tank carrying the sack and its 
frame as well as the hangers supporting the anodes themselves. Cathode 
sheets of chromium iron 12 by 20 by 1/¢ in. are suspended from the bus- - 
bars at the sides of the tank. The cathode surfaces are continually 
scraped free of the crystal silver deposit by wooden blades attached to an 
oscillating rack which rests on the framework over the tanks and is 
mechanically operated. The crystal silver scraped from the cathode 
sheets falls through the solution into a wooden tray, which is suspended 
from the electrode assembly frame over the tanks. As the anodes 
corrode away new ones are hung in their places and the scrap lugs, which 
otherwise would have to be remelted, are placed in the Thum anode trays 
for complete corrosion. 

Each tank contains five anode groups and six cathode sheets, con- 
nected in parallel. The cells are connected in series in sections of six 
with a maximum current density of 450 amp. at 214 to 3 volts. 

After a full producing day the entire operating equipment of a section 
is mechanically raised as a unit to a position 1 ft. above the cells. The 
trays, which have hinged bottoms, are then emptied of the accumulated 
crystal silver deposit into filter-bottom wash cars. 

The advantages of the Thum process are: (1) Mechanical and current 
conductor simplicity, which make for low cost of installation and main- 
tenance; (2) complete corrosion of the anodes, which may be of any 
size, shape, or weight within the capacity of the anode tray; 
(3) no necessity for shutdown while the crystal silver production is 
being removed. 

The disadvantages are: (1) Corrosion from but one face of the anode, 
resulting in low production per unit of floor space and volume of elec- 
trolyte; (2) dependence on and cost of hand labor for scraping the deposit. 
from the cathode; (3) lack of regular stirring or circulation of electrolyte 
in the cell. 
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For the Moebius process the advantages are: (1) Low labor cost 


to mechanical scraping of the deposit from the cathode, with the added 


benefits of regular stirring of the electrolyte, a more uniform deposit, and 
a current efficiency of 98 per cent, which is 5 to 10 per cent higher than 
that obtained in the Thum process; (2) close spacing of electrodes, 
together with corrosion of both faces of the anodes, resulting in high 
production per unit of floor space and volume of electrolyte; (3) no 
necessity for muslin diaphragms, because the anode does not rest on the 
accumulated gold mud. 

Its disadvantages are: (1) Mechanical and current conductor com- 
plexity, resulting in a high installation and maintenance cost; (2) com- 
plete shutdown necessary for the removal of the crystal silver production. 

In both the Thum and Moebius processes the gold accumulates 
around the anodes in the sacks as a black slime or mud contaminated 
with particles of silver and basic copper salts. This mud is removed from 
the Thum trays after every three days of operation by taking out the 
muslin tray lining and washing it into filter-bottom wash cars. In the 
Moebius system the anode sacks are removed from the assembly and 
washed out after the same period. The solution is filtered off the mud 
in the wash cars and the mud transferred to a wooden boiling tank 3 ft. in 
diameter by 3 ft. deep, where it is boiled up with water to which is then 
added a small quantity of sulfuric acid to break up the basic copper salts. 
After settling has taken place the wash liquor is siphoned off and the mud 
is transferred to a Tolhurst centrifugal filter to be finally washed with 
water and dried. The dewatered mud is charged into an oil-fired 
cast-iron kettle 4 ft. in diameter, where it is boiled for about 3 hr. in 
60° Bé. sulfuric acid. This boiling removes the copper and most of the 
silver from the mud and leaves a residue of brown sand which assays 
about 970 parts gold. This sand is thoroughly washed on a Filtros- 
block filter ready for melting down for the production of gold anodes. 

Silver-copper nitrate wash waters from the washing of crystal silver 
and the preliminary washing of the gold mud are filtered and elevated 
by means of a small hard-rubber pump to a chemical stoneware storage 
tank from which hard-rubber distribution lines run to convenient sections 
of the parting plant. This wash water is used to make up electrolyte 
evaporation and withdrawals resulting from the removal of crystal silver 
and gold mud. Sufficient electrolyte is entrained in the latter and 
destroyed in its subsequent treatment to obviate the necessity of special 
withdrawals to maintain the purity of the electrolyte. Silver nitrate 
solution for replenishing the electrolyte is made by digesting doré anodes 
in nitric acid. 

Gold mud wash water containing sulfuric acid and the strongly acid 
boiling kettle liquors, as well as the water resulting from the washing of 
the gold sand, are collected in a sump tank and pumped to a special 
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cementing tank in the slime plant, where the precious metals are pre- 


cipitated by boiling the solution in contact with copper sheets. The 


gold-silver cement thus produced is periodically refined and cast into 
anodes in the doré furnace. 


Melting and Casting of Silver 


The crystal silver, after being thoroughly washed with water in the 
wash cars, is charged into clay-graphite retorts and melted. These 
bottle-shaped retorts, 38 in. high, are mounted in oil-fired tilting furnaces 
of the Faber-du-Faur type and hold a charge of about 30,000 troy 
ounces. The consumption of light fuel oil with a small Quigley-type 
burner is 8 to 10 gal. per hour. The charging and melting of a full 
charge requires 5 to 6 hr., after which the molds are brought up on a 
carriage and the standard-size bars are poured by tilting the furnace, 
about 45 min. being required for the casting of the usual 25,000-oz. lot 
in 1000-0z. bars. The fineness of the silver is adjusted to 999, the 
standard for the fine silver market, by adding to the melt, just before 
pouring, a few ounces of pure copper. 


Electrolytic Refining of Gold (Wohlwill Process) 


The gold sand is melted in No. 25 graphite crucibles in a cylindrical 
oil-fired crucible furnace, the Quigley-type burner consuming about 8 gal. of 
light fuel oil per hour. The metal is cast into vertical closed molds to pro- 
duce gold anodes averaging 980 fineness and 140 troy ounces in weight, the 
dimensions being 9 by 5 by 3 in. The electrolysis of these anodes is 
accomplished by the Wohlwill process, in which from six to eight of them 
are suspended in pairs from silver anode bars in the electrolyte in a small 
stoneware electrolytic cell measuring 20 by 12 by 12in. Cathode starting 
sheets of fine gold rolled to a thickness of 0.003 in. and having an immersed 
area 12 by 2 in., are suspended in rows of four from silver cathode rods 
spaced between the anode bars. A current of 450 amp. is put through 
the cell, giving a voltage of 114 volts and an anode current density of 
125 amp. per square foot with six anodes. The electrolyte is a gold 
chloride solution containing from 80 to 100 grams per liter of gold and 
10 per cent free hydrochloric acid. Heat to maintain the minimum 
operating temperature of 140° F. is obtained by means of a steam coil 
placed around the stoneware cell and enclosed by a lead-lined wooden 
box, sand being packed between the lead and the stoneware cell to give 
even distribution of the heat from the coil. Circulation of the elec- 
trolyte during operation is maintained by means of a Pohlé air-lift. The 
anodes are corroded to 5 per cent scrap in from 16 to 18 hr., the pure gold 
plating out on the cathode sheets in a rough, somewhat nodularized, 
erystalline deposit which adheres firmly. 
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The cathodes are removed from the cell, thoroughly washed, dried 


and melted down in a clean crucible from which the gold is cast into an — 


open mold to produce a bar weighing from 700 to 800 oz. and assaying 
999.7-+ parts per thousand. The anode scrap is washed, dried and 
remelted with the next batch of gold sand. 

Silver, the chief impurity in the gold anodes, forms silver chloride 
during the electrolysis and falls to the bottom of the cell as a slime 
together with varying amounts of gold. This slime is removed periodi- 
cally, leached with aqua regia for the removal of gold and the production 
thereby of gold chloride solution to be used in replenishing the electrolyte, 
the gold content of which is gradually depleted during electrolysis. The 
silver chloride remaining after this leach is returned to the doré furnace. 

Strong wash waters are used to take up electrolyte evaporation, 
while dilute waters are sent to the cementing tank. Auxiliary equipment 
used in this process consists of two electric drying ovens and power-driven 
6-in. rolls for the rolling down of a small bar of fine gold into cathode 
starting sheets when needed. 

Fine silver bars are first weighed on a springless scale and finally 
weighed with careful checking over a bullion balance of 3000-oz. capacity 
and 0.005-oz. sensitivity. Fine gold is weighed in the same care- 
ful manner. 


PLATINUM AND PaLLapium, SELENIUM AND TELLURIUM RECOVERY AND 
REFINING 


Any platinum and palladium present in the original raw slime is 
finally concentrated in the gold anodes and during their electrolysis goes 
into solution in the electrolyte, the platinum and palladium content of 
which can be permitted to go as high as 60 grams per liter. The elec- 
trolyte is then removed, oxidized with nitric acid, and the combined 
salts of platinum and palladium precipitated by the addition of ammo- 
nium chloride. Separation and eventual refining of the platinum and 
palladium are carried out by the usual chemical methods, both metals 
being produced in the sponge form and of 99.5++ per cent purity. 

The raw material for the selenium and tellurium plant is the caustic 
solution obtained from the leaching of the soda-niter doré-furnace slag, 
together with a water solution of the selenious acid crystals collected in 
the flue of the sludge roaster. This combined solution is brought to the 
point of neutrality while boiling in two lead-lined tanks, 10 by 6 by 6 ft., 
either by the addition of crude sulfurie acid or additional slag liquor, and 
complete precipitation of the tellurium as tellurium dioxide is thereby 
obtained. The precipitate is allowed to settle and the neutral solution 
siphoned off into one of the two large wooden gassing tanks, 10 by 
6 by 8 ft., where it is acidified with 10 per cent of hydrochloric acid and 
5 per cent of sulfuric acid by volume and gassed with sulfur dioxide 
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generated in a horizontal water-cooled sulfur burner. Complete pre- 
cipitation of the selenium in the red amorphous form is obtained with 


from 24 to 72 hr. of gassing. After settling has taken place the solution 


is siphoned off to waste and the selenium dropped through a bottom 
outlet to a wash box having a burlap filter bottom, where it is washed 
with water. The washed red selenium is converted to the black form 
by the application of steam and then transferred to pans in which it is 
dried in a steam oven. The dried product is ground in a ball mill for 
several hours and mechanically screened through 100 mesh for the 
market. This powdered selenium, analyzing 99.5+ per cent, is packed 
in containers for shipment or, if required in vitreous form, is melted in 
iron pots and cast into cakes or sticks. 

For the recovery of tellurium the tellurium dioxide precipitate from 
the neutralizing tanks is pumped to a filter press by a Shriver diaphragm 
pump. The cake is thoroughly washed and then transferred to pans and 
dried in a steam oven. If it is to be marketed as tellurium dioxide, it is 
screened through 100 mesh and packed for shipment. To produce 
metallic tellurium the dioxide is mixed with powdered coal and reduced 
in a clay-lined graphite crucible mounted in a Monarch oil-fired tilting 
furnace. The metal thus formed is then poured into cakes or sticks. If 
powdered tellurium is required, the metallic cakes, which are brittle and 
show a pronounced crystal fracture, are broken up and ground in a ball 
mill. The product is screened to obtain the desired grade of powder 
and packed in containers for shipment. 


SUMMARY OF Mason EQUIPMENT AND PLANT CAPACITIES 


The slime plant, with 10 slime-leaching tanks, can handle 120 dry 
tons of raw slime per month and turn out from 60 to 90 dry tons of treated 
slime per month, depending on the percentage of silver it contains. 

The furnace plant, with two of the three furnaces for the refining of 
slime to doré in continuous operation, can refine 150 dry tons of treated 
slime per month, there being ample capacity to handle, in addition to the 
output of the Raritan slime plant, any treated slime or crude doré bullion 
received from other plants-of the Anaconda Copper Mining Co. The 
capacity production of two furnaces working on slime varies, according 
to the silver content of the slime, from 1,250,000 to 2,000,000 oz. of doré 
anodes per month. 

The capacity of the parting plant, with the three 6-cell Moebius 
sections and six 21-cell Thum sections in operation, is 2,250,000 oz. of 
crystal silver per month. The melting of this amount and the casting 
into fine silver bars can be taken care of with one of the two retort 
melting furnaces in continuous operation. 

Facilities for refining gold mud are ample to handle an amount con- 
taining 35,000 oz. of gold per month. The Wohlwill electrolytic plant 
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Development and Use of Anaconda Electro-sheet Copper 


By Witi1am M. SHakespEAre,* Perto Ampoy, N. J. 
(New York Meeting, February, 1934) 


Tu1n sheet copper in wide widths and long lengths is being 
made electrolytically on a commercial scale at the Raritan Copper 
Works, Perth Amboy, N. J. This achievement is the result of 
three years of intensive development preceded by almost ten years 
of intermittent research. 

While the idea of producing sheet copper by the electrolytic process 
is old, the literature on the subject is limited. It is evident, however, that 
the idea has been attractive to many investigators for years, if the issued 
patents in the field may be taken as an indication. These patents may 
be divided into three groups. In one group metal is deposited on some 
form of endless cathode, of which a revolving cylinder or drum is the 
most common. The cathode moves slowly and at such a rate that 
metal of the desired thickness is deposited during one pass through the 
electrolyte. The deposited metal is stripped off the cathode at a point 
above the solution level and, after washing and drying, is wound up imme- 
diately. In the next group of patents a band of thin metal is increased 
in thickness by being guided through an electrolytic tank in opposition 
to suitable anodes. The third group covers means of producing sheets of 
definite dimensions where flat plates or revolving cylinders are used as 
cathodes. With such cathodes, sheets of definite dimensions are built 
up to the desired thickness and then stripped off. 

The process as worked out at the Raritan Copper Works combines 
the methods of the first two groups. In the first stage a sheet weigh- 
ing 1 oz. to the square foot is produced on a revolving cylinder. This 
sheet is increased to any desired thickness in the second stage. 

In the first stage (Fig. 1) a lead-covered copper drum is mounted 
horizontally on a lead-lined concrete tank so that it is partly immersed 
in the electrolyte. The cylindrical surface of the drum immersed in the 
electrolyte is opposed by lead anodes spaced about }4 in. from it. The 
electrolyte, made up of appropriate quantities of copper and sulfuric 
acid, flows into and out of the tank continuously. The ebullition of gas 
at the surface of the anodes induces a vigorous circulation of electrolyte 
between the anodes-and the drum surface, which is augmented by means 
of compressed air introduced through a pipe between the ends of the 
anodes under the center of the drum, not indicated on the diagram. This 
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vigorous circulation is necessary in order that copper may be deposited 
at a comparatively high rate. The deposited sheet is continuously 
removed from the surface of the drum after one pass through the elec- 
trolyte. Means for washing the plated surface of the drum as it emerges 
from the electrolyte, before stripping, is provided. The heat of the drum 
assures complete drying before winding. 

About 175 lb. of copper is deposited on each drum daily. The sheet 
produced measures approximately 0.00135 in. thick. One roll is removed | 
daily. The approximate length of a 31-in. sheet is 1120 ft. The surface 
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Fia. 1.—SEcTIONAL ELEVATION OF FIRST-STAGE MACHINE. 


of the sheet next to the drum has a bright satin finish, while the other 
side has the characteristic appearance of deposited copper. The finished 
roll is ready for the next operation, or it may be trimmed and shipped 
without further treatment. 

In the second stage a roll of the 1-oz. material produced on the drum 
is built up to any desired thickness. The sheet is conducted through a 
series of depending loops (Fig. 2) suspended between adjacent anodes 
spaced along the length of the tank. These anodes are the standard crude 
anodes used in the regular refining operation. The flow of current 
through the tank is constant and the thickness of the sheet is determined 
by its rate of movement. About 350 lb. of copper is deposited in each 
tank daily. 

The rollers at the top of the tank serve as the cathode contacts. 
Each roller has a flange that revolves in a mercury trough cut in the 
busbar mounted on the frame. A shallow pan is mounted under each 
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roll, and water flows through them continuously. This serves to main- 
tain a clean contact between the moving sheet and the contact rollers. 
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The sheet is moved by draw rollers at the end of the tank. Means 
for washing and drying before winding are provided. ‘The sheet from the 
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drum is soldered to the end of the sheet in the loop tank. This takes _ 


only a few minutes and may be done without stopping the machine. The 
finished sheets need only to be trimmed or otherwise cut for sale. 

The process is peculiarly adapted to operation in a copper refinery. 
The use of lead anodes in the drum section reduces the number of liberator 
tanks necessary in the regular refinery operation, whereas crude copper 
is refined in the loop or thickening tanks. The tanks in each section are 
connected to the regular electrolyte system of the refinery. The elec- 
trolyte flows directly and continuously from the tank house through the 
drum section and back. Electrolyte for the loop section is withdrawn 


_from and returned to the tank house intermittently. A reservoir with 


separate circulating system is provided for this section. Needless to 
say, careful control of acid-and copper content of electrolyte, as well as 
temperature and rate of circulation, is necessary in both sections. 

Change of anodes in the drum section is not necessary more than once 
a year. When it is necessary to change anodes in the loop section, the 
whole frame is lifted from the tank by an overhead crane. The tank is 
then drained and the slime pumped to the silver refinery before fresh 
anodes are placed and the frame returned. This is a rapid operation — 
involving comparatively slight loss in production. 

The existing pilot plant consists of six drum tanks and six loop tanks. 
The drums are approximately 66 in. in diameter. Five of them are 31 in. 
wide and one 51 in. wide. There are two electrical circuits in the drum 
section, each circuit containing three drums in series. The normal cur- 
rent flow is 3000 amp., although the section may be and has been operated 
at 4000 amp. The current density ranges from 140 to 190 amp. per 
square foot. Five of the loop tanks are designed to thicken 31-in. 
material, while the sixth handles 41-in. material. These tanks are all 
in series and the normal current is 6000 amp., with a current density of 
40 amp. per square foot. 

The daily capacity of the plant is 3150 lb. deposited in 24 hr. This 
is divided into 1050 Ib. of drum copper and 2100 lb. of loop copper. Of 
course, the pounds deposited per day does not represent actual production 
of finished material, as there is always a certain amount of scrap. At 
present scrap ranges from 15 to 20 per cent, although it has been much 
higher. Eventually, however, total scrap, including trimmings and 
cutting waste, should be well under 10 per cent. 

The voltage in the drum section ranges from 2.0 to 2.8 while in the 
loop section it ranges from 0.5 to 0.8. The ampere efficiency is approxi- 
mately 95 per cent. In the drum section approximately 0.8 Ib. of copper 
is deposited per kilowatt-hour of direct current while approximately 1.8 Ib. 
per d. c. kilowatt-hour is deposited in the loop section. 

The sheet material produced is sound and uniform, both in physical 


properties and gage. The control of average thickness is positive, 
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depending simply upon speed and current flow, while localized variation 
is slight and well within the limits of commercial variation. The remark- 
able smoothness and uniformity of the product is due primarily to the 
fact that plating is confined to one side of the sheet and that it never 
passes beneath an anode. Physical tests indicate a slight grain effect 
lengthwise of the sheet; that is, tensile strength and elongation are greater 
lengthwise of the sheet than crosswise. The tensile strength ranges from 
30,000 to 40,000 Ib. per sq. in. and the elongation from 15 to 25 per cent, 
depending upon whether the test sample is cut crosswise or lengthwise 
of the sheet. 


PROBLEMS IN DEVELOPMENT 


The problems encountered in the development of the process have 
been numerous as well as difficult. First and most important is the 
surface of the drums. It is probable that lack of a suitable starting 
surface has been the most serious single obstacle in the earlier develop- 
ment of a process for the electrolytic production of thin metal sheets. 
Heavier sheets have been produced in this manner for various purposes 
in different places for some time, but this production has been limited, 
as there is no advantage in producing heavy sheets in this way except 
under peculiar circumstances. While the surface of the drum is rela- 
tively unimportant with this class of work, it is most important when an 
attempt is made to produce wide sheets in the foil class for any length of 
time. Almost any suitable metal surface properly polished may be used 
successfully for a few hours or even a few days, but continuous operation 
month after month, and even for several years, is quite a different matter. 
The surface is subjected to extreme corrosive conditions as it enters the 
bath and the mechanical effect of stripping is considerable. After trying 
many different metal surfaces, including copper, silver, chromium, stain- 
less steels, and even tantalum, to mention only a few, lead was finally 
decided upon as the most promising. Lead alone, however, may not be 
used successfully for more than a few days. This time may be prolonged 
by the use of suitable well-known stripping agents, but it was realized 
eventually that the solution of the problem of uninterrupted continuous 
production for a long period did not lie in this direction. Finally a 
mechanical means of continuously treating the surface of the drum was 
developed. This is a grinding and polishing operation, carefully con- 
trolled. In this manner a new metallic surface is presented to the action 
of the electrolyte for each revolution of the drum. — The lead surface of 
the drum is one inch thick and may be used continuously for about two 
years before renewal is necessary. 

Of almost equal importance is the treatment of the edges of the drum. 
Unless means to prevent are provided, the edges of a sheet produced in 
this manner are thick and ragged. This again is negligible when heavy 
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metal is produced, but suitable treatment of the edges of the drum is 
vital when it comes to the production of very thin sheets. The use of 
stop-off media, such as varnish or asphaltum, to define the plated area, 
as well as the use of ‘‘thieves” attached to the cathode to control thick- 
ness, is old in the art of electroplating. Similar means have been tried 
in the electrolytic production of sheet metal in the past. All these were 
tried during the development of the present process, with more or less 
success for a comparatively short time, but none was found to be suitable 
for long-continued operation. Finally a combination of mechanical and 
electrical means for accomplishing the desired result was developed. 
Increased thickness at the edges of the sheet is prevented by means of 
shields that obstruct the flow of current from the edges and back of the 
anodes. A clean-cut edge, which may be stripped without tearing, is 
produced by secondary cathodes suspended on the tank walls, so con- 
nected that they are cathodic to the ends of the drum. The solution at 
the ends of the drums is separated from the main body of electrolyte by 
means of the shields referred to. Therefore, the surface of the ends of 
the drum is always anodic to the electrolyte in contact with it, and no 
plating on it is possible, while the cylindrical surface of the drum, upon 
which the sheet is deposited, is cathodic to the main body of electrolyte. 
In this manner plating over the edges of the drum is prevented and clean- 
cut edges are produced on the sheet. 

The greatest trouble in the development of the second or thickening 
stage of the process was the prevention of wrinkles. This is a matter of 
guiding and tension control. Finally a very simple means of automati- 
cally controlling tension was developed. The cathode contacts consist 
of copper rollers at the top of the frame, mounted loosely on the shafts 
that support them. Each shaft is provided with a sprocket secured by 
means of a set screw. In actual operation certain sprockets are set for 
driving while others idle, the number of each varying according to the 
particular weight of material being produced. Where the shafts revolve 
there is no friction between them and the contact rollers. On the other 
hand, where a tendency toward excessive tension exists, the revolving 
shafts exert a driving effect upon the rollers and excessive tension is 
avoided. Friction is introduced where the sprockets are not set and the 
shafts do not revolve. This is necessary in order to avoid slack in the 
sheet. The actual manipulation of the sprockets is the result of long 
experience, needless to say. 

Another device to prevent wrinkles is necessary when copper weighing 
3 oz. or less to the square foot is produced. In this connection it should 
be remembered that the contact rollers revolve in pans of running water, 
necessary to keep them clean. This produces a capillary effect between 
the surface of the sheet and that of the rollers, which has a decided 
tendency to produce wrinkles in the sheet. This tendency is avoided by 
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reducing the area of contact between the sheet and the rollers, by means 
of small auxiliary rollers above and to one side of the center line of the 
larger contact rollers. Strangely enough it has been found that the 
use of soft rubber rollers at the feed end of the tank is necessary, while 
hard rubber rollers are used at the other end. 

There were many other difficulties of almost equal importance, which 
were overcome. 


Uses FOR SHEET COPPER 


The intensive development of the process itself was preceded by 
considerable experimenting with thin copper in combination with other 
materials, particularly asphalt and asphaltic materials. A large part 
of this work was directed toward the building field. One of the most 
promising uses appeared to be the substitution of thin copper for felt in 
built-up roof construction. In various combinations with other mate- 
rials, such as asphalt-saturated felt and fabric, insulating board, etc., 
its use for other forms of roofing, including shingles, as well as flashing, 


- sheathing and general damp-proofing, appeared feasible. The results of 


these tests, most of them having run for several years, are most gratifying. 
The built-up roof constructions have proved very satisfactory and several 
large roofs have been applied during the past year. It is evident, on the 
basis of these applications, that a roof of this type may be applied in 
competition with the better grades of built-up roofs. 

Another interesting possibility developed during this period is an 
insulating shingle. Shingles consisting of insulating board protected 
by thin copper on the exposed area and edges and asphalt-saturated felt 
on the unexposed areas, were exposed to the weather at several widely 
separated places throughout the country over five years ago. As a result 
of these tests the roofs of two houses were covered with these shingles 
three years ago. The oldest decks were examined recently and showed 
negligible effect of the weather. The shingles present a handsome, 
massive effect when applied, although actually they are light in weight. 
Application is rapid and economical. When allowance is made for their 
insulating value, such shingles would provide a comparatively cheap roof. 
Moreover, recent official tests indicate that they provide substantial 
fire protection. 

To meet the demand for color in residential roofing, several special 
paints were developed concurrently with the development of the shingle 
itself, and have been on exposure from three to five years. No appre- 
ciable reduction in color value is noticeable. The colors include a rich 
red, two greens, one a remarkable approximation of natural patina, a 
copper brown and a slate gray. Deposited copper provides an excellent 
base for paint because it is absolutely free from grease. 
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possible use in new fields in substantial volume will probably be realized. ; 
During the past two years it has been tested by many people throughout _ 


the country for almost as many purposes, both alone and in combination 
with other materials, among these purposes being: 

In combination with asphalt-saturated roofing felt, as a cap sheet 
for built-up roofs and, with heavier copper, as a flashing for asphalt 
roofing, the copper surface protecting underlying asphalt and felt from 
sunlight and moisture and preventing the formation of blisters between 
the felts; and also as a protection against fire. 

In the more flexible forms—that is, in combination with fabric or 
reinforced paper—as spandrel flashing for damp-proofing inside walls. 
For roofing railway cars, ferry boats, etc., and for making automobile 
tops and fireproof awnings. 

In combination with stiffer materials, such as steel (to which it may 
be attached either by soldering or with asphalt), plywood or insulating 
board, for use in building construction and refrigeration. 

In combination with paper, for bookbinding, fancy boxes, ete. 


The satin finish of the drum copper is an excellent base for printing - 


or lithographing. 

Probably the greatest single use for the copper alone is in the roofing 
and general damp-proofing fields, as already mentioned. Experience 
has demonstrated that the bond between asphalt and copper is main- 
tained, and contrary to early fears, expansion and contraction difficulties 
have not developed. 

This new form of copper is distributed by The American Brass Co. 
under the name of Anaconda Electro-Sheet. In 30 and 40-in. widths it 
is made in a range of weights running in even ounces from 1 to 8 oz. 
to the square foot. The lighter material, weighing 1 or 1 14 oz. to the 
square foot, may be obtained in 50-in. widths. Lengths up to 1800 ft., 
depending upon thickness. 
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A Comparison of the Use of Various Fuels in 
Copper-refining Furnaces. 


By E. S. Barpwetu,* Great Fauts, Mont. 


(New York Meeting, February, 1932) 


Tue reverberatory copper-refining furnaces at the Great Falls Reduc- 
tion Dept. of the Anaconda Copper Mining Co. have used successively 
as fuel, lump coal on grates, pulverized coal, oil and natural gas. Inno 
other plant, so far as can be ascertained, has such a variety of fuels been 
used. Thisfact affords a unique opportunity for comparing the relative effi- 
ciency obtained with these several fuels under nearly identical conditions. 


FURNACES 


The present furnace refinery at Great Falls was placed in operation 
in April, 1916. The original installation consisted of two furnaces, each 
with hearths 36 by 14 ft. and provided with fireboxes 10 by 12 ft. for 
firing lump coal on grates. These furnaces had air-cooled sand bottoms 
and chrome-brick side walls both above and below the metal line. The 
roofs were of 12-in. silica brick. Each furnace was provided with a 
waste-heat boiler of approximately 400 boiler-hp. capacity. 

We soon found that chrome brick was very unsatisfactory as side- 
wall material because of its excessive spalling. At the first opportunity 
the furnaces were rebuilt, using magnesite brick below the metal line and 
silica brick from the metal line to the roof. At the same time the thick- 
ness of the side walls was increased, thus decreasing the width of the 
hearth to 13 ft. At about this time also, the thickness of the furnace 
roofs was increased from 12 to 15 in. No further changes occurred in 
furnace design until 1922, when the use of lump coal on grates was aban- 
doned in favor of pulverized coal. 

The first charge to be melted and refined with pulverized coal was 
cast on March 30, 1922. When pulverized coal first was used the burner 
pipes were introduced directly into the firebox as it was felt that some 
kind of a combustion chamber might prove necessary, but this was not 
needed. The fireboxes were dismantled and the burners introduced 
through openings directly over the bridge wall. During the summer of 
1922 one of the furnaces was completely rebuilt, lengthened 10 ft. and 
provided with a silica-brick bottom in the form of an inverted arch. At 


* Superintendent of Copper Refineries, Great Falls Reduction Dept., Anaconda 
Copper Mining Co. 
449 


450 USE OF VARIOUS FUELS IN COPPER-REFINING FURNACES 


the same time the thickness of the furnace roof was increased from 15 
to 20 in. The other furnace was not remodeled until nearly two years 
later, at which time it also was lengthened and the width increased by 
18 in., giving a hearth 45 ft. 7 in. by 14 ft. 6 in. 

In 1926 a third furnace was constructed having the same general 
dimensions as those last mentioned. Recently the furnace first length- 
ened has been reconstructed and widened. By a slight modification in 
design the length of the hearth of this furnace was increased to 46 ft. 
1014 in. The hearth area of this furnace has been successively increased 
from 433 to 528 sq. ft. and finally to 600 sq. ft. Thus, we now have two 


a 
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furnaces with about 580 sq. ft. of hearth area and a third with approxi- 
mately 600 sq. ft. of hearth area. Fig. 1 shows the present dimensions 
of the largest of the three furnaces. 


FirING witH Coat on Grates 


Lump coal for grate firing was delivered by a Link-Belt conveyor 
into bins directly over the furnace fireboxes, whence it was charged 
through openings in the roof provided for that purpose. 

At first a local coal known as Lochray, high in ash and varying from 
3 to 5 per cent in sulfur content, was used. So many difficulties were 
experienced in using a fuel of this character that we soon resorted to 
lower sulfur coals from Wyoming, and Bear Creek coal from the Red 
Lodge field of Montana, although mixtures of local coals with Wyoming 


and Bear Creek coal were used with a fair degree of success from time 
to time. 
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Table 1 gives typical analyses of the Lochray, Wyoming and Bear 
Creek coals used at the furnace refinery during this period. 

The average production per furnace day during the entire period of 
using lump coal on grates was 338,400 Ib. If, moreover, we leave out of 
account the operations of the first few months and a period during which 
the furnaces were being alternated with no attempt at making a 24-hr. 
cycle, 340,000 Ib. per furnace day would represent very closely the aver- 
age daily capacity of the furnaces as they were then operated. 


TaB.Le 1.—Typical Analyses of Coals Used for Firing 


_Lochray hae oe 

CE TESA, sae tald fe Montana 
MNioishures per cent... <2. 86 orcs as sce ee 5.5 3.3 6.3 
Combined2 HO} per cent. 2.2 0 Mee. 2 es 1, 0.3 2.8 
Volatile combustible, per cent.............. 25.6 32.8 jane 
Fixed. carbon, per cent... i266 pie aoe -e 49.3 58.9 46.7 
INS DEtICN Ga at Tit cance Nye perasiue “a 18.7 4.7 11.0 
NUMRUTeperiCenh gt se ieee van eet 3.9 1.0 1.0 
British thermal units, dry..............---- 10,620 13,500 11,990 
British thermal units, wet............-.--+- 10,030 — 13,122 11,250 
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The month of August, 1916, gives the best index of what it was possi- 
ble to accomplish with Lochray coal on grates. During this month the 
furnace was operated continuously using Lochray coal. The furnace 
produced 292,800 lb. per furnace day and the average elapsed time per 
cycle was 23 hr. 50 min. distributed between the several furnace opera- 
tions as follows: ; 
ta i 


Hours Minutes 
neat, SPOTS AEA IANS. As ole 2 0 
Melting 60.25. 6 oet. tex ak stag’ rs aldose «te 10 30 
Rabbling 3 tars decussate tessccs 5 0 
8 i ee ey ee eee ee 3 0 
SO opens at hea eer 3 20 
Dg tel Pek twenties wk Te A ae 50 


During this period we obtained a fuel ratio of 3.12 tons of copper per 
ton of coal, which, reduced to British thermal units per pound of copper, 
is equivalent to 3210. 

Two difficulties were encountered in the use of this fuel. First, 
the high sulfur and high volatile content of the fuel made necessary & 
strongly oxidizing atmosphere in the smelting chamber at all times. 
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‘This was, of course, particularly true whenever it became necessary, as 


was often the case, to replenish the fire during the latter part of the 
poling period in order to carry the heat through the time of casting. In 
this case particular care was required to avoid filling the furnace with 
reducing gases. Numerous charges were overpoled by reason of failure 
or inability to satisfactorily attain such anend. When it became neces- 
sary to charge fresh coal at such times the blower air was shut off and 
auxiliary air supplied directly over the bridge wall. This served in 
most cases to keep the furnace atmosphere clear while the volatile matter 
from the fresh charge of coal was being given off. This having been 
accomplished, the blower air was again turned on and furnace opera- 
tions resumed. 

The second difficulty arose from the fact that each day after the 
charge was out it became necessary to pull the grate bars and remove 
all clinker from the firebox. At the end of each furnace cycle the fire- 
box contained nearly 12 tons of ash and clinker. The ash and clinker 
resulting from the use of Lochray coal contained nearly 25 per cent of 
fixed carbon, which in itself was a source of considerable loss. Samples 
of ashes and clinker taken at this time showed as high as 3400 B.t.u. per 
pound; in other words, between 8 and 9 per cent of the total calorific 
value of the fuel used was wasted in ash and clinker removed from the 
firebox. During the time that the firebox was being cleaned and made 
ready for the next cycle of operations the furnace was being charged. 
Under these conditions the furnace became quite cold, which naturally 
tended to promote spalling of refractories and resulted in high repair costs. 

The use of Diamondville and Bear Creek coals, lower in both sulfur 
and ash, brought about a decided improvement. The fuel ratio was 
increased and larger charges were obtained from the furnaces but the 
highest fuel ratio maintained over any considerable period was 4 tons 
of copper per ton of coal. Regardless of the fuel used or the average 
size of the charges handled, the average heat required per pound of 
copper remained practically constant throughout the entire period at 
3225 B.t.u. 

So great were the difficulties attendant upon the use of coal on grates 
that during the latter part of March, 1922, equipment for firing with 
pulverized coal was installed. 


FirRING with Putverizep Coau 


The use of pulverized coal for firing the reverberatory copper-refining 
furnaces at Great Falls was discussed! in a paper presented at the Salt 


Lake meeting of the Institute in September, 1925, and need only be sum- 
marized here. 


+E. 8, Bardwell and R. H. Miller: Pulverized Coal as Fuel for Copper-refining 
Furnaces, Trans. A. I. M. E. (1926) 74, 592. . 
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As equipped for pulverized coal each furnace was provided with 
three burners of the Warford type. Coal pulverized so that 96 per cent 
passed the 100-mesh and 80 per cent passed through the 200-mesh screen 
was transported in specially designed cars from the pulverizing plant 
and forced by means of air under pressure from the cars into bins located 
above the furnaces at the burner end. Typical analyses of the fuels 
used in pulverized form are given in Table 2. Both of the fuels were 
entirely satisfactory from every point of view. 


TaBLe 2.—Typical Analyses of Pulverized Fuels 


| British Thermal 
= = ae ‘Ash Sulfur Units 
ure, ale, arbon, y u > 
Per Cent |Per Cent |Per Cent Per Cent |Fer Cent 
Dry Wet 


l 
Utah (Sunnyside slack)... 5.0 | 338.6 | 53.0 8.4 0.8 | 12,757 | 12,190 
Wyoming (Diamondville | | 


BIRCH) ye or eteret acenr oiSojeien 5.4 36.0 | 50.9 7.7 | 1.1 | 12,689 | 12,010 


The use of pulverized coals brought about a marked increase in both 
the production per furnace day and the fuel ratio. The average pounds 
per furnace day was increased from 338,400 to 440,000 1b. This increase, 
however, is due in part to the lengthening of one of the furnaces from 
36 to 45 ft. 7 in., with resultant increase in hearth area from 433 to 528 
sq. ft. The fuel ratio increased with the use of pulverized coal from a 
maximum of 4 tons of copper per ton of coal to 6.8 tons of copper per 
ton of coal. 

One point which was not mentioned in the paper referred to above is 
the effect brought about on fuel ratio by reason of the lengthening of one 
of the furnaces. Lest it be thought that the rebuilding and lengthening 
of this furnace, which took place only shortly after we began to use 
pulverized coal, accounts entirely for the increase in fuel ratio it may be 
well to state that prior to lengthening the furnace we used 309 lb. of 
coal per ton of copper, whereas after the furnace was lengthened the 
average was 272 lb. of coal per ton of copper. The increased hearth area, 
however, naturally brought about an increased production per furnace 
day. A comparison of the two furnaces as operated during the first six 
months of 1923 shows the average daily capacity of the shorter furnace to 
be 391,536 lb. as against 470,648 Ib. per day for the longer furnace. 
The average coal consumed per ton of copper produced during the first six 
months of 1923 was 294 lb., or 1867 B.t.u. per pound of copper; a reduc- 
tion of nearly 42 per cent in B.t.u. per pound of copper over grate firing. 

While there was an increase of approximately 28 per cent in slag 
production, it was almost entirely due to ash settling on the charge, as the 
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percentage copper contained in the slag to copper in the charge increased 
only 3.4 per cent, or from 2.04 tons of copper in slag per 100 tons of 
copper charged to 2.11 tons. 

The period of operation with pulverized coal was rather too short to 
show just what the effect of using pulverized fuel might be on furnace 
repairs. It may be stated, however, that repairs were no more than 
with coal on grates, and in all probability they would have averaged at 
least 10 per cent less had we continued to operate with pulverized coal. 

The change from pulverized coal to oil firing was due primarily to 
the opening of the Kevin-Sunburst oil field in the north central part of 
Montana, which made it possible to obtain fuel oil at a reasonable cost. 


Use oF Furet Om 


The first charge using fuel oil was cast on Aug. 18, 1923, and from that 
time until May, 1928, oil was used continuously. 
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Fig. 2 shows the general arrangement of storage facilities and pump 
houses at the plant. The oil-unloading station is indicated in this draw- 
ing between the coal and charcoal bins and the road and is served by 
two standard-gage tracks. From this station the oil received in tank 
cars could be unloaded either to the two 50-ft. storage tanks or to the 
18,000-gal. supply tank located immediately in front of the oil-pump 
house. From a point just north of the oil pump house a tunnel (not 
shown) extends under the road and beneath the coal and charcoal bins 
into the furnace refinery building. It was through this tunnel, originally 
a part of the conveyor system used during the days of coal firing, that 
our oil lines from the pump house entered the furnace refinery building. 
A Worthington 714 by 5 by 6-in. steam pump in the water pump house 
served to pump oil from the storage tanks to the supply tank or to other 
departments in which oil was used, or, through the means of this pump oil 
could be reloaded into tank cars for transfer to boiler plants not directly 
connected through pipe lines. 

The two 50-ft. storage tanks were provided with steam coils and during 
the winter season enough steam was, and in fact still is, kept on these 
tanks to keep the oil warm enough so that it will flow. This is done 
because, while the entire plant is equipped at present for natural gas, 
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oil is our stand-by in case interruptions should occur in service. The 
oil in the supply tank was maintained at 130° F. at all times and was 
delivered to the oil pump house at this temperature. 

In the oil pump house there were three Gould, vertical, single-acting 
Triplex plunger pumps, 3-in. dia. by 4-in. stroke, each direct connected 
to a 5-hp. General Electric motor (600 r.p.m., 440-volt, three-phase). 
Each of these pumps has a capacity of 25 gal. per minute at 150 lb. 
pressure. A steam pump of suitable capacity was provided for emer- 


gency use. 


ON METER 
STEAM TRAP 
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Fic. 3.—ARRANGEMENT OF BURNERS. 


The 114-in. oil line to each furnace was equipped with a ‘‘Sarco”’ 
oil strainer and a 54-in. Worthington Duplex piston oil meter. Between 
the meter and burners the oil passed through a steam-coil heater which 
served to raise the temperature to 180° to 200° F. for delivery to 
the burners. 

Each furnace originally was provided with three No. 2 Best burners 
mounted on swivel joints and so piped that either air or steam could be 
used for atomizing. In practice, air was always used except in cases 
of emergency. 

The general arrangement of burners is indicated in Fig. 3, which also 
shows a sketch of the oil heater. The drawing also shows the checker 
directly over the burner ports, consisting of 15 openings in the burner 
wall. These openings were kept wide open during the melting period 
and served to protect the roof of the furnace at this point. During the 
poling period they were closed with brick and luted up. In order to 
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restrict the amount of secondary air admitted through the burner ports 


during the poling period, slotted iron plates were slipped down over the | 


burner pipes so as partly to close the openings around the burners. 
This had the effect of giving a slightly reducing atmosphere in the smelt- 
ing chamber at such times. 

After having operated in this manner for several years, the two out- 
side burners were moved toward the center about 10 in. and the use of 
a center burner was discontinued. With two burners instead of three to 
be watched and adjusted by the furnacemen, more uniform operating 
conditions were attained, which resulted in some increase in fuel economy 
and reduced wear on furnace walls. 

The pressure of the oil at the burners was 50 Ib. and 80-lb. air was used 
for atomizing the oil. It was extremely important that the air pressure 
should be maintained as constant as possible and special arrangements 
were made to assure that this should be the case. Unfortunately, the 
air was not being metered at that time, but we know that a compressor 
with a capacity of 1000 ft. of free air per minute would just supply six 
burners at the maximum rate at which oil was being burned during 
the melting period. The oil pressure was maintained at 50 lb. by means 
of a pressure relief valve located in the pump house. ‘Too much stress can 
hardly be laid on the necessity of maintaining constant pressure of both 
oil and air at the burners if maximum efficiency is to be obtained. 

The question may be asked as to why air rather than steam was used 
for atomizing the oil. Andros? states that numerous tests have proved 
that with steam at 80-lb. pressure and air at 80-lb. pressure there is a 
saving of 12 per cent in fuel if air is used instead of steam. Inasmuch 
as waste-heat steam was available, it may be thought that it would have 
been cheaper to have utilized steam instead of air for atomizing. The 
waste-heat steam, however, was available for heating electrolyte in 
the tank room at the electrolytic copper refinery, where it replaced coal- 
fired steam costing at least $12 per boiler-horsepower month to generate. 
The steam pressure, moreover, was too low for satisfactory use in atomiz- 
ing oil; being at the time in the neighborhood of 45 Ib. We estimate 
that an average of 25 boiler-hp. would have been required for each fur- 
nace had steam been used instead of air. On the other hand, the total 
cost of operating a 1000-ft. compressor capable of supplying not only 
air for atomizing oil but air for rabbling, painting molds and operating 
hoists averaged only about $340 per month during this period. In view 
of this the use of air for atomizing not only saved fuel but was more eco- 
nomical under existing conditions than the use of steam would have been. 

During the greater part of the time that oil was used as fuel on our 
furnaces our source of supply was the Kevin-Sunburst field. Following 


* Andros: Fuel Oil in Industry, 155. 
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is an analysis of this oil: sp. gr., 0.928; carbon, 85.1 per cent; hydrogen, 
12.9; sulfur, 1.9; nitrogen, 0.1; B.t.u. per lb., 19,224 (calculated). 

It will be remembered that when we began to use oil we had two 
furnaces, one with a hearth area of 433 sq. ft. and the other with a hearth 
area of 528 sq. ft. It would be of interest to compare the performance 
of these two furnaces on oil in the same manner as they were compared 
when using pulverized coal. Such a comparison, however, is misleading 
because the smaller furnace had become badly encrusted, so that the 
capacity had been much reduced. The larger furnace, however, was. 
producing at this time 450,000 lb. per day with an oil consumption 
amounting to 20 gal. per ton of copper. 

In September, 1924, the smaller furnace was rebuilt, the hearth 
area having been increased from 433 to 580 sq. ft. ‘Trouble was expe- 
rienced with both furnaces because of the tendency towards formation of 
incrustations on the bottoms, which soon reduced the capacity of the 
furnaces. It was determined ultimately that too much air was being 
circulated through the furnace bottoms. The year 1925 was devoted to 
working out some difficulties and is not truly representative of what 
could be accomplished. 

Table 3 shows the fuel efficiency obtained on our furnaces for the 
years 1925, 1926 and 1927 with oil fuel. Comparing the furnaces, it 


TaBLE 3.—F uel Efficiency with Ol 


No.1 Furnace (580 Sq. Ft. Hearth Area) No. 2 Furnace (528 Sq. Ft. Hearth Area) 
Year | : : 
Pounds per| Number| Oil per B.t.u. per |Pounds per| Number} _ Oil per B.t.u. per 

Furnace fo) Ton Cop- Pound Furnace fo) Ton Cop- Poun 

Day Charges | per, Gal. Copper Day Charges | per, Gal. Copper 
| 
l ee - 

1925 497,256 | 246 19.9 1,479 455,354 169 22.4 7 9" 1,662 
1926 498,939 | 245 19.4 1,441 472,300 | 245 | 20.4 1,516 
1927 485,427 | 184 19.7 | 1,464 476,112 244 | 19.9 1,479 
Avg. total| 494,643 | 675 19.7 1,464 469,362 658 20.7 1,538 

| | | 


will be seen that No. 1 furnace has approximately 10 per cent greater 
hearth area than No. 2. The average daily production of No. 1 furnace 
was 5.4 per cent greater than No. 2 while the fuel efficiency indicated as 
British thermal units per pound of production is about 5 per cent better 
in the case of the larger furnace. The fuel consumption here, as else- 
where in this paper, unless otherwise stated, is gross fuel consumed, 
and includes all fuel used for heating furnaces as well as for operating. 

Table 4 gives the elapsed time for the several operations into which 
the furnace cycle may be divided, together with the total average gallons 
of oil consumed during each period and the corresponding rate of 
fuel consumption. 


ie 
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TasLe 4.—Data on Operations of Furnace Cycle 
Elapsed Time | Fuel Oil Consumption 
_ Operation aaibes bas 

* Hours Minutes Total Gallons Hous 
Charging: «cos «cree clots connate ab 57 249 128 
Melting rc sect cc cre tare cette ee 10 0 2,952 295 
Rabbling Sees set eee 5 10 901 174 
Poling .eesashsc eine 2 47 93 33 
Casting ricncn vty reamnabeea te 4 6 304 74 
Totals, oa. aavostie tea et 24 0 4,499 187 


In order to get some idea as to how pulverized coal and oil compare 
from the point of view of fuel efficiency, we may compare the results 
obtainable on the longer furnace only with the same furnace operating 
with oil as fuel. On this basis we find that the average daily capacity 
using pulverized coal as fuel was 470,648 lb. as against 469,362 lb. with 
oil. The heat units per pound of production were 1621 B.t.u. with pul- 
verized coal as fuel as against 1475 B.t.u with fuel oil. In other words, 
when the change was made from pulverized coal to oil it resulted in 
about 10 per cent of saving in heat required per pound of marketable 
shapes produced. A considerable part of this saving is due to the fact 
that when using pulverized coal there was a blanket of ash on the bath of 
metal in the furnace, which resulted in less efficient heat transfer. 

We attribute the excellent results obtained with fuel oil to: 

1. The use of air for atomizing. 

2. The installation of instruments to record oil temperature and 
pressure at the burners; air pressure, stack temperature, etc., and the 
training of operators to watch these and all other essential factors affecting 
furnace operation. 

3. Steady operation seven days a week on a regular 24-hr. cycle. 


Natura Gas As Furu 


In April, 1928, a pipe line about 100 miles long was completed, con- 
necting the natural gas field near Shelby, Mont., with Great Falls. The 
wells in the Shelby field deliver gas to the main regulating station in 
the field at rock pressures varying from 750 lb. per sq. in. down to 240 Ib. 


per sq. in. The volume is controlled at the wells by means of control 


disks but no automatic pressure control is provided. The average field 
pressure varies from 275 lb. per sq. in. in winter down to 200 lb. per sq. 
in. in summer. From the main regulating station in the field to Telstad, 
a distance of 10 miles, the line is 10-in. From Telstad to Great Falls a 
12-in. line is provided. At the Great Falls end of the line pressures vary 
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from 100 Ib. per sq. in. during the summer to 200 lb. per sq. in. during 
the winter. Thus far no booster stations have been found necessary and 
none have been provided. 

A branch from the main gas line serves the Great Falls Reduction 
Dept. of the Anaconda Copper Mining Co. Where the line enters the 
company’s property, settlement meters are located and the pressure is 
reduced to from 25 to 30 lb. per sq. in. for distribution to the various 
departments where gas is used. Screens for removing debris of various 
kinds from the line are also provided. 

Gas is received at the furnace refinery through a 6-in. line at 24 to 30 
Ib. per sq. in. pressure. There is a meter house just outside the refinery 
building where the gas is metered by means of a Westcott orifice meter and 
the pressure further reduced to 5 lb. per sq. in., at which pressure it 
enters the furnace refinery building through a 12-in. welded pipe. This 
12-in. pipe runs lengthwise of the furnace building, suspended from the 
roof trusses. It is directly over . 
the charge track. 

The burners at each of the three 
furnaces receive their gas through 
8-in. lines dropped from the main 
12-in. line suspended from the roof 
trusses. Each furnace is equipped 
with a Westcott orificemeter. The 
charts from these meters are pla- 
nimetered daily and the totals com- 
pared with the master meter. The Fic. ss Ta as sa veil ese COMBRPTION 
totals of the various meters are sim- oy ET 
ilarly compared daily with the settlement meter. The gas volume shown 
by the meters is reduced to 60° F. and 8 oz. above 14.4 lb. per sq. in., 
which is the settlement basis. 

Inasmuch as natural gas had never been used in reverberatory copper- 
refining furnaces prior to the installation at Great Falls, we had little to 
guide us in the application of this fuel to our furnaces. For several 
months homemade burners of various designs were used and while no 
great difficulty was experienced the gas consumption was higher than we 
had expected and we found it necessary to reduce the size of our charges 
somewhat in order to make the regular 24-hr. cycle. 

After considerable experimenting with burners, we tried and adopted 
the Mettler entrained combustion gas burner, which has proved entirely 
satisfactory for our purpose. At first four 38-hole burners were used 
on each furnace. Fig. 4 shows one of these burners with the adjust- 
able shutter, used for controlling the flow of air through the burner open- 
ings, moved back so that the gas manifold can be seen. Each of the 
38 openings in the gas manifold is provided with four jets set 90° apart 
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yu ry iy = : . 
and directed inward at an angle, so as to give an injector effect ealc ulated 
to pull air in through the burner openings. The face of the gas manifold _ 


is provided with a refractory block having openings corresponding to 
those in the gas manifold. The streams of gas from the four jets in 
each mixing tube meet at a central point and, impinging one against the 
other, cause violent agitation of the gas in the solid core of entrained 
air. The length of the burner tubes is such that the firing of the mixture 
takes place before the gas and air have a chance to separate again. 
This results in complete and almost instantaneous combustion with a 
minimum of excess air. : 

The manufacturers of these burners equipped them with high-alumina 
refractory blocks which were quite unsatisfactory for use in a copper- 
refining furnace. At present we are using a rammed block consisting of 
silica sand and chrome cement, half and half, with 20 per cent of sodium 
silicateusedasabinder. Thelife of these rammed blocks is about 60 days. 

The gas manifold is 1714 by 26 in. As originally installed, four of 
these burners were set on end equally spaced at the burner end of the 
furnace. At present three burners only are being used on each furnace. 
These burners are set on the side, as shown in Fig. 4, and are spaced 45 
in. on centers with ports between to allow oil burners to be introduced 
should interruptions in gas supply occur. A 3-in. pipe supplies gas to 
each burner through a suitable regulating valve. 

The natural gas used at Great Falls has the following analysis: Ethane 
4.9 per cent; methane, 92.0; carbon dioxide, 0.4; undetermined, yo A 
total, 100.0. 

Table 5 shows the total elapsed time for the various operations into 
which the furnace cycle is divided, together with the average rate of 
fuel consumption. 


TaBiE 5.—Elapsed Time and Fuel Consumption 


Elapsed Time Gas Consumed, Cu. Ft. 
Operation i aati = shan 
Hours Minutes Total Per Minute 
CDATRING. 1 acs.cn hse eon ee ams 10 | 54,000 415 
Melting), ee tern | 10% 9 35 | — 430,000 677 
Rabbling: 24.45. 264,204, 2 | 4 55 182,400 | 618 
Poling..... | 2 25 | 37,000 255 
Eph i ss 2. corae: bocce cate lect tie 3 20 | 49,000 245 
aTotsls..c:., 7 ee eee 7 eran Meets) 752,400 
AVOIage,.. Jct peti aoa | 535 


el el ce 

Each burner is provided with a manometer. The gas pressure at 
the burners is about 8 oz. during the melting period. During this period 
it is necessary to use a high-pressure air jet at each burner. About 300 
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cu. ft. of air per minute is required for each furnace (80-lb. pressure), 
which is introduced through }4-in. pipes inserted into one of the openings 
in each burner. 

The average production per furnace day since gas has been used has 
been 478,000 Ib. and the average gas consumption, including gas required 
for heating furnaces, has been 3530 cu. ft. per ton of shapes produced. 
During the past year the average production per furnace ddy has been 
498,000 lb. and the fuel consumption has averaged 3321 cu. ft. per ton of 
shapes produced. ‘These figures for gas consumption include all gas used 
for heating furnaces as well as operating gas. The average cubic feet 
of gas used for operating alone per ton of shapes produced over a cae 
of three years has amounted to 3247 cubic feet. 


CoMPARISON OF PULVERIZED Coat, OL AND Natura Gas 


In attempting to compare pulverized coal, oil and natural gas, the 
question arises as to the basis on which these fuels may properly be com- 
pared. The analysis of the several fuels has already been given. If 
we take as a basis first the metallurgical calorific value computed from 
the analyses on the assumption that the water vapor resulting from 
combustion remains uncondensed and cold, we have the following: 
pulverized coal, as purchased, 11,960 B.t.u. per pound; fuel oil, 19,224 
B.t.u. per pound; natural gas (settlement basis), 983 B.t.u. per cubic foot. 

On this basis 1 gal. of fuel oil would be equivalent to 12.42 lb. of 
coal, or 151 cu. ft. of gas. On this basis, if an average of 20.1 gal. of 
oil were required per ton of copper produced, we might assume that we 
would require 250 lb. of coal, or 3035 cu. ft. of natural gas. 

This is not correct, however, because it may be shown by computa- 
tion, taking into consideration the analysis and temperature of flue 
gases in each case, that 46.7 per cent of the heat units developed from 
the combustion of pulverized coal is available for furnace work while 
with oil 44.7 per cent is available and with natural gas only 41.9 per cent. 
Compared on this basis, 1 gal. of oil would be equivalent to 11.89 lb. 
of coal or 161 cu. ft. of gas. On this basis, assuming 20.1 gal. of oil per 
ton of copper produced, we might expect to use 239 lb. of coal, or 3240 
cu. ft., of natural gas. 

When pulverized coal was being used on our furnaces, as has been 
previously stated, the best average fuel ratio obtained was 6.8 tons of 
copper per ton of coal, or 294 lb. of coal per ton of copper produced. At 
this time we were operating two furnaces differing considerably in size. 
The coal consumption on the large furnace amounted to 272 lb. per ton 
of copper produced. Taking this figure for comparison, it will be noted 
that the fuel consumption which we obtained was about 15 per cent 
higher than might have been expected. The greater part of this increase 
we believe to have been due to the insulating effect of ash deposited on 
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the surface of the metal bath. When pulverized coal was being used, 
the amount of slag produced was 37 per cent greater than was the case 
when oil was used as fuel. 

In each case the temperature of the gases entering the waste-heat 
boilers was approximately the same; averaging 1940° F., but varying 
from less than 1000° F. during charging to as high as 2500° F. during 
poling. The average temperature of gases entering the stack was 600° F. 
when pulverized coal and oil were being used as fuel. Since natural 
gas has been used, the stack temperatures have averaged about 800° F. 
This increase in stack temperature is due to increased volume and heat 
content of gases passing through our waste-heat boilers, which are not 
provided with baffles. : 

Table 6 gives comparative data concerning the use of pulverized coal, 
oil and gas. These figures are all based on the same furnace with hearth 
area of 528 square feet. 

These figures represent a comparison of results obtained with pul- 
verized coal, oil and gas on one of our furnaces. The fuel consumption 
represents that actually used for refining and does not include any fuel 
used for heating furnaces preliminary to a campaign. Figures previously 
quoted in this paper include fuel used for heating furnaces. It is difficult 
to understand why the coal required per ton of copper should be quite 
as high as it appears to be. The insulating effect of the ash from the 
coal, as has already been mentioned, accounts in part for the difference. 
The 272 lb. of coal per ton of copper is based on coal as purchased and 
includes shrinkage due to loss in moisture by reason of drying; also, dust 
losses in the coal pulverizing plant and any other losses that may have 
occurred. Taking 19.4 gal. of oil per ton of copper as standard and 
applying the ratio 11.89 lb. of coal per gallon of oil, it would seem that, 
even after allowing 15 per cent for the insulating effect of the ash, we 
should have required not over 266 lb. of coal per ton of copper. The 
remaining difference undoubtedly is due to inaccuracies in estimating the 
coal used and differences in operating conditions. We feel that were 
we to attempt again to use pulverized coal on our furnaces, we would 
obtain a better fuel ratio than is indicated above. 

Taking 161 cu. ft. of gas as equivalent to 1 gal. of oil, we might expect 
to use 3123 cu. ft. of gas per ton of copper instead of 3397 cu. ft., which 
was the actual requirement in the case of the furnace used for comparison. 
One other refinery now using natural gas as fuel reports gas consumptions 
10 per cent higher than expected. By some this has been attributed to 
the nonluminous flame obtained when gas is used as fuel. The author, 
however, believes that more likely it is due to differences in furnace opera- 
tion or the placing of the burners. Regarding the latter point, it may be 
stated that the change recently made in the location of the burners has 
brought. about a very definite improvement in the fuel ratio. The matter 
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Fuel analysis, per cent...| H20.......... PUD @mee cae Oe CL ge ete, 
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ene. eee, WOLOO! Miser es 1229 CoH ees. Jy. 4.9 

Et. PP LOL ONO felt suat 1 OCOy. fan &O°4 
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Metallurgical calorific 
SCATANT CE sd B85 leper nee 12,590 per Ib. 19,224 per lb. | 983 cu. ft. 
11,960 (as purchased) 
Average production, tons 


per charge............ 235 233 233 
Average hourly rate of 
fuel consumption...... 2,663 lb. 188 gal. 32,983 cu. ft. 
Fuel per ton of copper 
PTOGUGEDL) woes a= wae 272 Ib. 19.4 gal. 3,397 cu. ft. 
B.t.u. per pound of cop- 
per producediter. at,. me 1,627 1,441 1,670 
; Average temperature of 
; gases leaving furnace. . 1,940° F. 1,940° F. 1,940° F. 
4 Stack temperature...... 600° F. 600° F. 800° F. 
4 Heat distribution per- 
3 centage of B.t.u. in 
; fuel: 
. Available in furnace 46.7 44.7 ee) 
q Absorbed in boilers. . 38.9 40.2 36.6 
: Stack loss.......... 14.4 15.1 21.5 
: Analysis of flue gases, per 
cent: 
COPIES. Biieeine 14.7 10.8 8.2 
Ouse atisn acs dee 6.6 9.9 16.0 
SOpa tats Seetierae’. 0.1 Ot 
Os pre Decree 2.2 Qed: 2.2 
Nig aero been. IS 76.6 lah atl 73.6 
Totals hawk sper: 100.0 100.0 100.0 
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of furnace operation has also been shown to be of importance. if; after 
it has become molten, the charge is allowed to lie dead in the furnace, 
more heat is likely to be required than would be the case were pipes 
introduced and the metal kept well mixed. In other words, it is easier 
to carry heat down into the metal bath than to drive it down. The 
figure given in the foregoing tabulation represents the average gas con- 
sumption actually obtained. The author is confident that the theoretical 
figure of 3240 cu. ft. of gas per ton of copper produced can be obtained 
in practice from the furnace of this size. On the larger furnaces having 
hearth area of 580 sq. ft. as against 528 sq. ft. in the case of the furnace 
chosen for comparison, even better fuel ratios have been obtained with 
charges of about 235 tons. During a recent month one of the larger 
furnaces produced 273 tons per furnace day with a gas consumption 
averaging 2780 cu. ft. per ton of copper produced. 
While the decision as to what fuel is to be used in a copper refinery 
is likely to rest entirely on relative cost, natural gas may be said to be 
almost ideal from the operator’s point of view. The cleanliness of gase- 
ous fuel is a distinct advantage. It is easily regulated and once the burn- 
ers are regulated little attention is required on the part of the operator. 


DISCUSSION 
(Francis R. Pyne presiding) 


F. R. Pyne, Perth Amboy, N. J.—Mr. Bardwell’s remarks about the decrease in 
the consumption of pulverized coal per ton of copper, due to the increase in the length 
of the furnace, are interesting. Doing a little calculating, we find that the increased 
production was obtained with a coal consumption of approximately 90 Ib. per ton, 
which would indicate that a furnace having a long, shallow hearth is much more 
economical from the fuel standpoint than one with a short, deep hearth. That has 
been my own experience with furnaces. 

I have noticed a tremendous difference in the slag produced with coal and with oil. 
With coal, it is a light, fluffy slag, more like a pumice, containing much less metallic 
copper than the slag made with fuel oil. 

As Mr. Bardwell says, the decision as to what fuel to use is an economic one. 
It is interesting that about the time Great Falls was changing from coal to oil for 
economic reasons, another Anaconda plant, the Raritan Copper Works, was changing 
from oil to coal, with decided economy to both plants. 

Mr. Boggs, what are they using in the Canadian refineries? 


W. B. Boaas, Noranda, Que.—In Montreal, we are using fuel oil. 


C. R. Haywarp, Cambridge, Mass.—The author says that definite comparisons 
cannot be made because from time to time the situation of the furnaces and the shape 
of the furnaces were changed. He mentions the lengthening and widening of the 
furnaces, and also that the walls were made considerably thicker. He does not take 
the latter fact into consideration in comparing the efficiency of the fuel. Iam inclined 
to think the thicker roof in particular may have improved conditions in the later work. 

One thing is puzzling those who are using natural gas; that is, the luminosity of the 
flame. The author mentions it but indicates that he thinks it has little effect. At 
El Paso they were somewhat in doubt, before they began to use natural gas, as to 
whether they would be able to operate without illuminants in the gas. Much to their 
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surprise, they discovered that the furnaces apparently gave satisfactory results without 


enrichment of the gas with illuminants. We have been brought up to believe a 


luminous flame important in heat transfer. Is it really unimportant? 


C. R. Pynz.—It would seem to me that a nonluminous flame would take longer to 
heat a furnace but that after it was heated, the equivalent of luminosity would be 
obtained from radiation from the hot brick. 

A great many years ago, at Great Falls, the coal used was the Sand Coulee. The 
Lochray, used later, runs around 18 per cent ash; the Sand Coulee ran nearer 30 per 
cent and was very high in sulfur. The cathodes had to be dipped in lime before they 
were charged into the furnace to keep the sulfur down. They made a high grade of 
wire bar with low sulfur but a sloppy operation was involved in taking the lime-coated 
cathodes out and charging them in the furnace. 

I have since seen the furnaces at Great Falls working with gas, and it is a nice, 
quiet, clean operation. From my experience with the other three types of fuel and 
my observation of the use of gas, I would say that, other conditions being equal as to 
cost, the gas would be much preferred. I would place pulverized coal next, because of 
its quietness; then oil, with its noisiness; nobody wants to go back to hand firing after 
once getting away from it. 


A. GRONNINGSATER, Sudbury, Ont.—As to the use of luminous gas, I have had a 
definite experience. Under certain conditions, poorer results are obtained without 
luminous gas. I will not go into the details of a long experiment, but will just mention 
that it had to do with an old-fashioned firebox from which originally was obtained a 
long, luminous flame; later changes were made, resulting in obtaining a shorter, 
nonluminous flame. We had analyses made and kept track of calories, and found that 
there was an increased fuel consumption. Fully utilizing a nonluminous flame 
depends upon the length of the furnace—whether it is long enough. 

The remark was made that chrome brick was found unsatisfactory and that 
a change to magnesite was necessary. I would like to ask what the general experience 
has been in this respect. 


F. R. Pynz.—Regarding the use of chrome brick, I can speak feelingly. In 1912, 
the manager of the plant of the U. 8. Metals Refining Co. at Carteret wanted the 
furnace lined with chrome brick. It was lined with chrome and had a chrome roof, 
and finally all the furnaces were lined with it. It was all right until the time came to 
do something with the cobbings. Chrome was better than magnesite, but absorbed a 
terrific amount of metal. The cobbings could not be smelted. They formed a mush 
between the matte and the slag, which was very high in copper and kept filling up the 
space in the settler. There was either mighty little matte in the settler, or the mush 
overflowed and gave terrific copper loss in the slag. I think the copper went out in the 
slag in the long run. It was difficult to grind the stuff and treat it, so it 
was discontinued. 


A. GRONNINGSATER.—Your experience, then, was different from that at Great 
Falls, because there chrome brick did not stand up, evidently. That is what I was 
interested in. My experience seems to indicate that magnesite will stand up better 
than chrome brick but opinions seem to differ somewhat. 


F. R. Pynz.—When we installed these chrome brick furnaces, the magnesite brick 
could not compare with the magnesite we get now. It was not particularly good and 
the lining of a furnace did not last at all. With chrome brick, we had no trouble as to 
lasting. ‘The trouble was in treating the cobbings when we got through. At present, 
we are getting a remarkably fine result from linings with magnesite brick—far better 
than the results with the chrome brick. 
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hie. \8 GrénnincsateR.—I wonder what the experience is nowadays with the present _ 
quality of chrome brick. : ; 


more than magnesite. We are using it at present in our verb arches and they last 
longer than the silica. When first fired on, they spall a great deal. At various times 
we tried them in the roof over the spots where we blow, with no success. What 
happened was that the silica was corroded off by the slag; the chrome spalled and we 
ended in the same predicament. 

I think, Mr. Pyne, the author says something in regard to slag on page 462. I 
wonder if they have made any further improvement in that respect since using gas. 


F, R. Pyns.—They have. The slag is now down to where it was when they were 


using oil. 


E. 8. BarpWELL (written discussion).—Mr. Hayward has brought out two points 
that require something in the way of explanation: (1) It is true that I outlined certain 
changes that took place in furnace dimensions, but this was taken into consideration 
in comparing the fuel efficiency. The figures given in Table 6 are based on a single 
furnace the dimensions of which, including thickness of furnace walls and roof, were 
the same. This fact, moreover, is specifically stated on page 462 of the paper. (2) 
As to the luminosity or lack of luminosity of the flame having anything to do with fuel 
efficiency, I doubt that such is the case. Table 6 shows that with gas only 41.9 per 
cent of the heat units in the fuel was found available for use in the smelting chamber as 
compared with 44.7 per cent for oil and 46.7 per cent for pulverized coal. This might 
be attributed by some to the nonluminosity of the gas flame, but look for a moment 
at the flue-gas analysis in the same table. The difference in efficiency is due entirely 
to the fact that more heat is carried out of the smelting chamber in the waste gases 
when natural gas is being used than when oil or pulverized coalis used. To this, and 
not to the nonluminous character of the natural gas flame, I would be inclined to 
attribute the efficiencies obtained. 

In the matter of chrome brick for lining reverberatory copper-refining furnaces 
my statement was that we discontinued the use of chrome brick because of excessive 
spalling. This was a mere statement of fact and in no way was intended to imply 
that chrome brick always spalled or that it is unsuitable for use in a copper-refining 
furnace. We have used chrome brick as a parting course between silica and magne- 
site brick and recently placed a small patch in a furnace side wall without experiencing 
difficulty with spalling. It should be remembered that chrome brick during the World 
War was not as satisfactory a product as is being placed on the market today. The 
objection raised to chrome brick by Mr. Pyne is a valid one, however, and should 
be given consideration. 


H. M. Sueparp, Maurer, N. J.—It has been my experience that chrome spalls : 
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The Fire Refinery of British Copper Refiners, Limited 


By C. H. Aupricu,* Carteret, N. J. 
(New York Meeting, February, 1934) 


For many years the City of Prescot, about 8 miles northeast of 
Liverpool, has been the home of British Insulated Cables, Ltd., one of 
the largest wire mills and manufacturers of electrical equipment in 
England. Since this location is close to the industrial center of the 
country and the seaboard, with good railroad transportation facilities, 
it was a logical site for the new refinery. 

Early in April, 1932, the writer was called upon to prepare a pre- 
liminary layout and estimate of cost of the proposed plant, and shortly 
afterward, following a discussion of these figures with officials of British 
Insulated Cables, in England, the decision was reached to proceed 
immediately with construction of the plant. 

The refinery was built by British Insulated Cables, Ltd. Designing 
of the plant was started early in May, 1932, orders for equipment being 
placed as rapidly as possible. On July 18 the first steel was erected and 
the first charge was cast on Jan. 5, 1933. No difficulties of any conse- 
quence were experienced in starting the plant and the grade of copper 
produced was quite satisfactory after the first charge. 

The initial capacity desired was 2500 tons of refined copper per 
month. Since only one furnace was to be built, it was necessary that 
it should have sufficient reserve capacity to catch up after unavoidable 
shutdowns. It was also necessary to lay out the plant so that it would 
operate efficiently at this tonnage and at the same time permit expansion 
in the future, if necessary, to several times its original capacity. In 
order to meet these conditions and also to take full advantage of the space 
available, the layout shown in Fig. 1 was adopted. The principal plant 
structures are a blister storage aisle, casting building, wire-bar storage 
building and a coal-pulverizing building. Additional smaller structures 
include a brick and charcoal shed, pumphouse, drill room, water-cooling 
tower, clay-preparation shed, substation and plant office. 

Incoming blister is received in either broad-gage railway cars or 
steam motor lorries in the blister storage aisle, unloaded by overhead 
electric crane to narrow-gage cars, weighed and sampled, then either 
sent directly to the furnace or placed in storage. After refining, the 
copper is cast on the wheel, passes through the cooling bosh and is 
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delivered to the wire-bar storage building, 
weighed and loaded for shipment or stored. 
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BuisTER STORAGE AISLE 


The blister storage aisle is 65 ft. wide by 340 ft. long and is spanned 
by a 5-ton overhead crane. This aisle contains narrow-gage tracks for 
car storage and handling of unrefined material, duplicate track scales 
for weighing and space for ground storage. Broad-gage tracks also 
run under the craneway at each end, thus providing facilities for the 
transfer of incoming blister from broad-gage to narrow-gage cars. The 
drill room in which blister is sampled is conveniently located so that 
cars that are to be sampled can be passed through it easily and returned 
to the storage tracks under the crane runway. 

Incoming blister is transferred from the docks in Liverpool to the plant 
either by rail or by steam motor lorries. In the former case it is Shipped 
in open railroad cars from which it can be lifted out by the overhead 
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Fic. 2.— Main ENTRANCE AND BLISTER STORAGE AISLE. 


crane and loaded on to narrow-gage cars for weighing and sampling, 
then transferred directly to the furnace or placed in storage. The same 
procedure is followed in case of motor transportation, with the added 
advantage that the lorry can be placed at any point under the crane 
runway that may be most convenient for unloading. 

For weighing, duplicate 10-ton track scales were installed. These 
scales are of the highest accuracy obtainable and will show a variation 
of less than 2 lb. at full load. A test car and weights were provided so 
that frequent checks of the scale can be made while weighing. Both 
scales and platforms are protected against the weather by substantial 
enclosures. Cars are moved over the scales by means of an electric 
winch, with conveniently located idlers. 

The drill room is equipped with a radial drill, cone grinder, drying 
oven and all facilities for screening and making up samples. It also 
includes office space and a small laboratory where control assays can 
be made. ‘The radial drill is in the center of the main drill room, with a 
narrow-gage track running through on either side. Between the tracks, 
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on either side of the drill, are two steel drilling tables with 4-in. pins 
set into their tops, on which the pigs are placed for drilling. This makes 
it possible to place a shallow pan underneath a pig to catch the drillings. 
Blister pigs are sampled by checkerboard drilling in the following 
manner. Narrow-gage cars carrying the pigs to be drilled are run into © 
the drill room on one side of the drill and the pigs are lifted off by tongs 
carried on pneumatic hoists supported by small jib cranes. They are 
spread out on the drill tables, first on one side of the drill then on the 
other. The drill has sufficient span to cover all the pigs on a table, so 
that all points to be drilled can be reached easily. After drilling, the 
pigs are transferred to cars on the outgoing track. Each table in turn 


Fig. 3.—FURNACE FROM CHARGING AISLE. 


is thus emptied and filled while the pigs on the other are being drilled. 
For drilling, a 17%9-in. drill is used and the drillings are ground and made 
up for assay in the usual manner. 


CasTING BUILDING 


The casting building is 100 by 122 ft. in dimensions. It contains 
three main aisles: the charging aisle, containing the charging and service 
cranes and slag-crushing pit; the furnace aisle, in which are the furnace, 
poling and skimming equipment and waste-heat boiler and the casting 
aisle containing the wheel, cooling bosh and conveyor, all auxiliary 
casting equipment and the 10-ton casting-aisle crane. 

The charging aisle is 40 ft. wide. In this aisle, in addition to regular 
charges, all materials required in the operation of the furnace, such 
as brick, clay, charcoal, coke, ete. are handled. Part of the avail- 


able space is also used for breaking and sorting slag preparatory to 
outside shipment. 
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The charging machine is of 214 tons capacity. It is of the overhead 
crane type and is similar in design to those used in several of the refineries 
in the United States. Cars are moved in front of this crane during 
charging by means of an electric winch. On an upper runway over the 
charging crane is a 10-ton service crane. This arrangement enables these 
cranes to move independently of each other, which is a great convenience, 
especially while there are no spare cranes. 

At one end of the charging aisle is the slag-crushing pit, which is of 
heavy concrete with sectional cast-iron top reinforcement. Its dimen- 
sions are 14 by 14 ft. by 2 ft. deep and in it the 4 by 4-ft. cakes of slag are 
broken up by means of a cast-iron ball, which is lifted and released by a 
magnet carried on the service crane. 

The furnace aisle is 18 ft. wide and contains the furnace on the ground 
floor and the waste-heat boiler, economizer, induced-draft fan and coal- 
feeding equipment on the boiler platform. The furnace was designed 
for a capacity of 200 tons per charge. It was also constructed with an 
adjustable skimming plate, so that charges of from 100 tons up can be 
handled easily. 

The furnace is set on 4-ft. concrete piers to give good underneath 
cooling. The bottom is carried on 2-in. thick ribbed cast-iron plates 
separated from each other by 1-in. spaces to provide for expansion. 
The tops of the piers were capped with 14-in. steel plates, a thin layer 
of graphite being spread between the steel and cast iron. This procedure 
eliminated all binding in the bottom plates during heating up, the furnace 
expanding smoothly and evenly. 

As a precaution against the solidification of copper around the piers, 
which sometimes takes place when small leaks occur, 12-in. high firebrick 
walls were laid between the piers transversely across the bottom of the 
pit in which the furnace is set. Any copper that may run into these 
spaces can be easily removed from the sides. 

The side plates extending to about 6 in. above the metal line are 
made of 1-in. steel reinforced with horizontal I-beams between buckstays. 
Unusually heavy buckstays and tierods were used, the latter, both top 
and bottom, being equipped with springs. 

Water-cooled skewbacks were generally used for supporting the roof 
in all places that might be exposed when the brick lining burned away. 
These skewbacks were made of 14-in. boiler plate, all joints being welded. 
The stiffness required to carry the thrust of the roof arch was secured by 
the use of plenty of interior bracing. 

The narrow space between the side charging doors, where difficulty 
in maintaining the brick lining is usually experienced, was filled by water- 
cooled copper blocks lined with clay brick. These blocks were cast of 
refined copper. They are about 4 in. thick and provided with a deep 
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flange on each side. Water passages were drilled through the 4-in. < a 


sections and the brick lining was wedged in between the flanges. 
In lining the furnace, the bottom was shaped by a layer of concrete 


composed of ganister and cement, tamped in, using the least water © 
possible. Over this were laid 14¢-in. sheets of steel to keep moisture 


out of the bottom bricks and the silica-brick bottom was laid on 
these sheets. 

The working bottom consists of two 12-in. inverted arches of silica 
brick laid up dry with broken joints. Both arches were carefully laid 
and keyed up, so that if at any time a section of the top layer becomes 
thin and floats up the lower layer may be depended on to hold the 
charge. In laying the bottom, any bricks that were warped or off size 
were discarded and all unavoidable small openings between bricks was 
carefully filled with hot pulverized silica. 


The side walls to about 6 in. above the metal line are built of 15-in. : 


magnesite brick. In order to avoid undermining by the corrosive action 
of the slag, they were started on the lower bottom course. All magnesite 
bricks were fitted accurately and laid up using a thin dip of magnesite 
cement and boiled linseed oil. Below the metal line, expansion joints 
of 14 in. and above, where exposed to more intense heat, 14 in. in 18 in. 
were used. The upper part of the side walls was built of 15-in. clay 
bricks laid as closely as possible, using a thin dip of fireclay. The roof 
was constructed of 15-in. silica bricks, laid dry and with broken joints. 
The furnace is fired by pulverized coal, three Fuller Lehigh burners 
being used. The use of three burners was favored because this number 
gives the greatest possible flexibility in the amount of heat supplied and 
in the application of heat to any part of the furnace. The pulverized- 
coal storage bin is over the burners on the waste-heat boiler platform 
and is of 20 tons capacity. The coal feeders are under this bin. Each 
feeder delivers to a corresponding burner and is driven through a silent 
chain by a variable-speed direct-current motor. Primary and secondary 
air fans are also on the boiler platform. They are driven by variable- 
speed d.c. motors and there is a spare for each service. Adjustable 
dampers were placed in all air lines, by which the amount of air delivered 


to the burners may be regulated but the regulation ordinarily used is ~ 


secured by variation of speed of the fan motors. In order to avoid 
blocking of the coal line in case a fuse blows on the primary air fan, the 
feeder motors are electrically interlocked with the former so that they 
cannot run unless the fan is in operation. All controls for fans and coal 
feeders are on the ground floor close to the skimming door of the furnace. 

The waste-heat boiler is a Babcock & Wilcox straight-tube type with 
4264 sq. ft. heating surface. Itis set in a welded pan of 14-in. steel plates, 
on the boiler platform so that water escaping from any leaks will not run 
down on to the furnace. As originally supplied, this boiler was of steel- 
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incased construction with asbestos insulation, but because it is sometimes 
necessary to run with little or no draft it was found necessary to replace 
the steel casing around the first pass with firebrick. Diamond soot 
blowers are used for removing dust from the tubes and in addition there 
are facilities for hand lancing when necessary. 

Upon leaving the boiler the hot gases pass through a 1702-sq. ft. 
high-velocity Green economizer in which their temperature is reduced 


Fic. 4.—CastTIneG AISLE, SHOWING MOLD PRESS, FURNACE AND WASTE-HEAT BOILER. 


to a maximum of 450° F., after which they pass through the induced- 
draft fan and out of the stack. 

The boiler is designed for a working pressure of 250 lb. and 150° 
superheat but is operating at present at the normal plant pressure of 
about 150 lb. Steam is piped to the British Insulated Cables power 
house, where it is used for the generation of electric power and general 
plant uses. Feed water is supplied by means of a vertical steam-driven 
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pump and an electrically driven centrifugal pump. ‘These pumps, 
together with the centrifugal pump supplying hydraulic pressure for 
operation of furnace doors and mold press, are in a small pumphouse 
built in the form of a lean-to at the end of the casting building, opposite 
the furnace aisle. A Copes feed-water regulator is employed to control 
the water supply to the boiler. 

The casting aisle is 60 ft. wide and spanned by a 10-ton crane. It 
contains the casting wheel, bosh conveyor, mold press and other equip- 
ment required for mechanical casting of the regular and side casting of 
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Fic. 5.—CastTING AISLE FROM BOILER PLATFORM. 


special shapes; this equipment being on the casting-floor level, which is 
4 ft. 6 in. below the level of the ground floor. 

The Walker type of casting wheel was selected because of its simplicity 
and adaptability to the present and future uses for which it is required. 
It is 26 ft. 10 in. in diameter at the mold centers. The ring is made of 
cast iron and arms of cast steel. In its construction the highest degree 
of accuracy in machining was insisted upon in order to insure its running 
without any vibration. As a further insurance of smooth operation as 
well as to get the speeds that are required in casting the various shapes, 
a Variable Speed Gear oil drive was installed The A or oil-pumping 
unit of this drive is on a concrete foundation at the cooling side of the 
wheel. The B or driving unit is mounted on the wheel instead of the 
motor, which ordinarily is employed for driving. The operator con- 
trols the movement of the wheel by a lever in his cab. Since the A unit 
control is 20 ft. or more from the operator’s lever, it was necessary to 
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take every precaution to avoid any looseness in the linkage connecting 
them. For this reason the main member of this linkage is a heavy, steel 
shaft mounted on ball bearings and provided with cranks at the ends 
which are equipped with adjustable ball and socket joints, one end being 
thus connected with the A unit control, the other, by a short rod, with 
the operator’s lever. The motion is thus transmitted mainly torsionally 
so that any temperature changes that may take place in the apparatus 
do not affect the control. As a further precaution this shaft is carefully 
insulated from the heat given off by the copper in the molds over which 
it passes. By simple movements of the operating lever it is possible to 
start and stop the wheel without jar, to get any rate of acceleration or 
deceleration desired and to run forward or backward at any speed up to 
the maximum of which the drive is capable. 

The operator’s cab is on the center of the wheel directly in front 
of the pouring ladle. In addition to the control lever for the wheel he 
has the controller for the electrically driven ladle hoist or tilter and an 
arrangement by means of which he can move the ladle forward or back 
or tilt it sideways while pouring. 

Initially, three pocket copper wire-bar molds were installed. These 
molds are large enough to handle the capacity of the furnace in a reason- 
able time and can be easily enlarged to cast four bars each if necessary. 
The first set of molds was shipped from the United States. 

While casting is in progress the molds are continuously cooled by water 
sprays set underneath. These sprays are made up of two 4-in. pipes 
bent to the same radius as the mold circle and each perforated with 
three rows of 14-in. holes drilled 3 in. apart and staggered. 
Sufficient water pressure is used so that the bottoms of the molds are 
well covered but not enough so that the water reaches the top surface 
of the molds. Underneath spraying starts as soon as the molds pass out 
from over the casting pit. When they dump into the bosh they are 
sprayed on both sides to reduce the temperature quickly to the proper 
degree for painting. In principle the idea is to maintain the molds 
at a fairly uniform temperature rather than to allow them to become 
excessively hot, then cool quickly by heavy spraying. 

The mold painter sits in a shallow pit and sprays the molds with an 
air-operated spray gun as they pass before him. In order to enable 
him to keep the molds at exactly the proper temperature, the valves 
controlling the final sprays are located so as to be within easy reach. 

The molds are dumped and righted by means of roller-bearing dump- 
ing fingers running on a substantial guide rail. At the point of dumping 
the jar is minimized by an adjustable spring-cushioned arm that engages 
the dumping finger as the mold turns over. As a further precaution 
against transmission of jar to the wheel, the dumping roll on which the 
mold rides at the finish of the dump is carried on an I-beam spanning the 
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bosh, which is entirely separate from the one to which the guide 
are attached. ers 

The molds dump at a point 220° from the pouring ladle, the bars 
falling into the cooling bosh, which is of ample proportions to give suffi- 
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cient cooling. As they drop from the molds they strike an inclined ~ 


baffle plate and slide down on to the bosh conveyor, which carries them 


a distance of 6 ft. horizontally through the water before the inclined — ; 


section is reached. This conveyor is of very substantial construction 
and of the pan type; a type that our experience has shown to be least 
likely to become clogged by scrap or heavy loads and to be most eco- 
nomical of power. By means of a variable-speed d.c. motor drive, the 
conveyor may be run at from 8 to 24 ft. per minute. The final tem- 
perature of the bars is regulated by a set of sprays mounted over the 
inclined end of the conveyor, the valves being conveniently reached from 
a bridge that crosses the conveyor at ground-floor level. 

Cooled bars drop from the upper end of the bosh conveyor on to an 
inclined steel plate apron, which delivers them to an inspection conveyor 
27 ft. long, on which they are gaged, inspected and chipped. The speed 
of this conveyor, which is independently driven, also may be varied from 
9 to 27 ft. per minute, thus giving ample flexibility for handling the 
various shapes that may be produced. 

The mold press is of substantial construction and hydraulically 
operated. It consists of a cast-iron frame which supports the movable 
core plate and cores, spanning a heavy copper bottom plate supported 
on a carriage operating on a short section of track set flush with the 
floor. ‘Timken bearings are used on the wheels of this carriage, so that 
despite the heavy load it carries it can be moved easily. Cast-iron 
end blocks and side fixtures are clamped together on the bottom plate 
and molten copper is tapped directly to the mold press, through a launder. 
After the mold has set the cores are raised, the carriage pushed out from 
under the press and the mold lifted off by means of a pair of heavy tongs 
attached to the hook of the overhead crane. The water-cooled wire-bar 
cores are made of refined copper, cast hollow and accurately machined 
all over. The first set was made in the United States but all cores 
subsequently required have been successfully produced at Prescot. 

In addition to the equipment mentioned, the casting floor is equipped 
with molds for billets and cakes, bull ladles and an oil-fired portable 
holding furnace, all of which are used in the side casting of these shapes. 
Space is also provided on this floor for the storage of spare wire-bar, ingot 
and ingot-bar molds. 


WIRE-BAR STORAGE 


The wire-bar storage building, which is 65 ft. wide by 260 ft. long, is 
totally enclosed so that inspection, weighing and shipping operations 
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can be carried on at all times without interruptions resulting from 


- weather conditions. It contains a 5-ton overhead crane, inspection 


tables, duplicate 10-ton track scales similar to those provided for the 
weighing of incoming blister, narrow-gage and broad-gage tracks for load- 
ing outgoing shipments, and space for ground storage of refined copper. 

Wire-bars and other shapes cast on the wheel are delivered directly 
into the wire-bar storage building by the inspection conveyor so that 


no narrow-gage transportation is required at this point. From the 


conveyor they are either lifted and placed on narrow-gage cars by means 
of an air-lift carried on a jib crane or, more often, piled by the overhead 
crane on a table at the end of the inspection conveyor and lifted in loads 
of 5 tons each by the crane and transferred to cars in front of the scales 
on which they are weighed. They may then be loaded directly into 
open railway cars for shipment or piled for stocking. Practically all 
loading and unloading of copper in this building can be done with the 
overhead crane, which makes this handling an inexpensive operation. 


CooLing SyYsTEM 


Water for all plant operations is obtained from the Liverpool supply. 
For cooling molds, wire bars, jackets, etc. a very large flow of water is 
required, particularly during the casting period. On account of local 
conditions it was necessary to use equipment that would require little 
space but that would handle a large volume of water and cool it quickly. 
To meet these conditions a Visco cooling tower, designed to dissipate 
the maximum heat units that would be produced while casting, was 
installed. It consists of a rectangular wood tower or chimney about 
75 ft. high with an enlarged lower section where the incoming hot water 
is broken up by dropping over a system of launders and wooden strips. 
Cool air, which is drawn in through louvers at the bottom by natural 
draft, absorbs the heat of the dropping water as it passes up through 
the tower and out of the top. A concrete tank, 50 ft. long by 26 ft. 
wide by 6 ft. deep, underneath the tower serves as a reservoir and this 
is kept at a constant level by means of a float valve attached to the 
incoming supply. One cooling tower has sufficient capacity for present 
operations. To take care of possible future expansion, space was 
reserved for two more. 

The pumphouse is adjacent to the cooling tower, the pumps being 
set at the level of the bottom of the reservoir so that they are self priming. 
Two centrifugal pumps, with a capacity of 2500 gal. per minute at 100-ft. 
head were provided, and space was allowed for a third. At present, one 
pump has ample capacity for all plant requirements, the second 
serving as a spare. 

In the casting building, cooling jackets, sprays and the cooling bosh 
drain into a deep sump of generous proportions. Outside this sump and 
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on a level with the bottom are two vertical-shaft centrifugal pumps, each 
having a capacity of 2500 gal. per minute at 75-ft. head. These pumps - 
were built with extended shafts, the motors being on floor level. They 
are started and stopped by float-operated controllers so that they run 
intermittently; starting when the sump tank reaches a predetermined 
level and stopping when it is empty. In this case again one pump can 
easily handle the total amount of water required, the second serving 
as a spare. 

Thus all water returned from the plant passes through the cooling 
tower and the rate of cooling is proportional to the rate of circulation at 
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Fic. 6.—CoAL-PULVERIZING PLANT. 


“ times. This system has given quite satisfactory results in practice. 
Should additional cooling be required it can be obtained easily by auxil- 
lary circulation over the tower. 


COAL-PULVERIZING PLANT 


For the preparation of the pulverized coal required by the refining 
furnace, a plant containing some novel features was installed. This 
plant has a rated capacity of 5 tons per hour pulverized to a fineness of 
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85 per cent through 200 mesh. In its design the principal considerations 
were to secure the greatest possible reliability and freedom from shut- 
downs for repairs together with the lowest cost of operation. This was 
particularly necessary because the relatively small tonnage requirements 
did not justify the installation of spare equipment. 

Low-sulfur coal is received in 10-ton four-wheel railway cars and 
dumped through a grizzly into a track hopper, by raising one end of the 
car with a hydraulic ram and allowing the coal to slide out of the other. 
It is drawn from the bottom of the hopper and delivered to the top of a 
50-ton raw-coal storage bin by a Redler conveyor having a capacity of 
20 tons per hour. A disk feeder draws coal from the storage bin and 
feeds it to a coke-fired Ruggles-Coles drier equipped with automatic 
temperature control. Waste gases are drawn from the drier by a fan, 
passed through a small cyclone and out through a superimposed stack 
containing water sprays to remove the last of the dust. In passing, it is 
interesting to note that this type of dust-removal equipment appears to 
work much more effectively on English than on American coals. 

Dry coal passes into a Redler conveyor which elevates it to a small 
surge bin over the mill. For pulverizing, a Johnson air-swept ball mill 
is used. The outlet end of this mill is connected to a separator shown in 
Fig. 6, which separates the oversize and returns it to the mill by means of 
a helical conveyor in the hollow outlet shaft. Adjustable vanes in this 
separator regulate the fineness of the product. 

The finely pulverized coal together with circulating air is drawn 
from the separator and passed through a large cyclone which removes the 
coal; the air is piped back to the inlet end of the mill. Pulverized coal is 
discharged from the cyclone through a rotating air lock into a continu- 
ously running Redler conveyor, which delivers it to the 20-ton storage 
bin on the boiler floor, over the furnace burners. The plant is arranged 
so that the conveyor that delivers coal to the furnace bin can be easily 
extended to take care of additional furnaces and, if required, the present 
capacity of the pulverizing plant can be doubled by the installation of 
additional equipment. 

One of the most interesting features of this plant is the use of Redler 
conveyors for all coal handling, including transport lines to the furnace 
bins, for which air usually is employed. The results obtained in every 
case have been quite satisfactory. 


TRANSPORTATION 


In order to secure the greatest possible flexibility in broad-gage rail- 
way transportation, a loop track was run completely around the plant 
so that materials may be moved in or out in either direction. In addition 
to this loop, spur tracks were run in to the blister storage aisle, furnace- 
pole storage at the end of the casting aisle and wire-bar storage building. 
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The gage used is 30 in. and tracks are laid so that no curve has a radius 
; of less than 35 ft. Most of the cars are typical billet cars equipped with ¢! = | 
cross T-irons so that loads can be readily picked up by the charging crane. 
These cars have a rated capacity of 10 tons each and are equipped with ~ 
double trucks, Timken bearings and automatic couplers. In addition 
to the billet cars a number of side-dump hopper cars for handling loose _ 
materials were included. 

For motive power two light Diesel locomotives were supplied. 


ELectric PowER 


' Electric power is received from two sources. The principal supply is 
purchased from the local power company. This enters the plant at 6000 
volts, three-phase, 50 cycles and is stepped down to 240 volts in a sub- 
station near the coal-pulverizing plant. Direct current is received from 
the British Insulated Cables’ power plant for use with motors where 
variable speed or high starting torque is essential. It is used on: (1) 
primary and secondary air fans, (2) induced-draft fan, (3) pulverized-coal | 
feeders, (4) bosh and inspection conveyors, (5) ladle-tilting hoist, (6) . 
charging crane. All other equipment is operated by alternating-cur- | 
rent motors. | 


AUXILIARY EQUIPMENT i 


A lean-to built alongside the casting aisle contains the air-compressor 
room, handy-man’s shop, optical oxygen room, wash and change room 
and casting-building office. 

For supplying high-pressure air a direct-driven air compressor with a 
capacity of 300 cu. ft. of free air per min. at a pressure of 90 Ib. per sq. in. . 
was installed. Low-pressure air at about 18 lb. per sq. in. for blowing 
the copper in the refining operation is supplied by a 500-cu. ft. 

Nash ‘‘Hytor.” 

The handy-man’s shop is equipped with a forge and blacksmith’s . 
tools, drill press, grinder and pipe-threading machine. Repairs to 
rabbles, bars and inspectors’ tools, the fitting up of pipes for blowing and 
general simple plant repairs are handled in this shop. 

The optical oxygen room contains a large saw for cutting samples from 
wire bars and cakes; a small, high-speed saw for cutting small samples; 
polishing and etching equipment, and metallographic microscope. 

For the storage of firebrick, clay, cement, charcoal, etc. a building | 
20 ft. wide by 100 ft. long was constructed beside the blister storage aisle. 
Supplies are brought to this building over a broad-gage track running 
along one side and are unloaded from cars through a number of doors : 
on the car-floor level. A narrow-gage track running through the building : 
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on the opposite side is used in making deliveries to the plant as the mate- 


rials are required. 


BUILDINGS 


All building walls are constructed of precast concrete blocks made in 
the British Insulated Cables’ concrete-block plant. Corrugated asbestos 


~ was used for the roofs and a generous proportion of corrugated, reinforced 


glass in these roofs gives exceptionally good lighting. Good ventilation 
of the casting building is secured by the use of a large monitor over the 
boiler aisle. This is particularly valuable because it enables the large 
volume of steam given off from the wheel and bosh during casting to 
escape quickly. Additional lighting and ventilation is secured by the 
installation of plenty of movable steel-sash windows. All floors in the 
buildings are concrete and nearly all of the outside working space through- 
out the plant is concreted. 


FURNACE OPERATION 


The fire refining of Roan Antelope blister did not present any real 
difficulties. The method used is as follows: Four or five wheelbarrows 
of sand are first thrown over the bottom of the furnace, a thin layer of 
clean scrap wire from the wire mill is put in as a cushion and the blister 
is charged with the charging crane in the usual manner. The charge is 
melted and when all off the bottom is skimmed clean. Air pipes are 
put in and the charge blown and flapped until a say ladle button shows a 
large block grain and optical examination indicates a content of 0.90 per 
cent oxygen. When this point is reached, the bath is skimmed clean, 
and a fairly thick layer of low-sulfur coke is added. Several intermediate 
light skimmings usually are required during the oxidizing period. It is 
usually possible to add a ‘‘coking charge” of from 8 to 10 tons of rejected 
wire bars or refined scrap at this point if desired. 

Poling is carried out in the usual manner, a good grade of green, 
hardwood poles being used, and is continued until a small block sample 
cast with a hand ladle ina cast-iron mold shows a fine-grained full set 


and the absence of a “spot.” When this point is reached the optical 


oxygen determination will indicate about 0.03 to 0.04 per cent oxygen 
and casting may be started. During casting the set is watched carefully 
and held at the desired level by careful temperature control, and the 
occasional application of a pole when necessary. The bars produced 
are fully equal in appearance to the best electrolytic wire bars, and in 
electrical and mechanical properties show an appreciable margin over 
the requirements of all standard specifications for electrolytic copper. 
The slag produced runs from 2 to 3 per cent of the material charged. 
It is skimmed into large boxes measuring 4 by 4 ft. by 18 in. deep, made 


sh et 
aging oe a British crue bie Ltd., for pert 
' publication of this article, and to Mr. . Aldridge, 


aj 


of British Copper Hear Ltd., for assistance uae ace: 


oe a ee ee ee, 


ee a a, a, ee 
A " 7" 


Removal of Arsenic and Antimony from Copper by 
Furnace-refining Methods 


By W. J. Hintensranp,* R. K. Poutn* anp H. C. Kenny,* Huspewy, Micu. 
(New York Meeting, February, 1934) 


Tue soda-ash method for eliminating arsenic from a molten copper 
bath has been described previously in some detail.1 Briefly, the process 
consists in blowing powdered sodium carbonate under the surface of the 
partially oxidized melt and in removing the slag formed, which will 
contain a certain proportion of the arsenic formerly in the bath. Sodium 
carbonate melts readily at the temperature of molten copper, and when 
molten it dissolves arsenic oxide rather rapidly. In the process, sodium 
arsenate is formed which is removed along with the excess of molten 
soda ash. In order that arsenic may be eliminated in this way, it must 
first be oxidized to the pentavalent condition. This, however, is easily 
accomplished by blowing air into the molten copper until a fair excess 
of cuprous oxide is present. 

The manner in which soda ash is introduced into the furnace has a 
considerable effect upon the efficiency of the process. In the earliest 
attempts at arsenic removal, soda ash—often in combination with slaked 
lime, for sodium carbonate is not the only solvent that will remove 
arsenic—was thrown upon the surface of the bath, was allowed to melt, 
and was removed after it had dissolved a sufficient amount of arsenic. 
At present powdered soda ash is generally blown in under the surface 
of the melt with the aid of compressed air. Melting immediately as it 
comes into contact with the molten copper, it can react with considerably 
more of the bath than by the former method, and thus can remove 
arsenic more rapidly and more completely. Since the resulting slag is 
removed at once, its very destructive effect upon the furnace refractories 
is minimized. 

The effectiveness of the soda-ash method may be gathered from the 
results of the following test. A 900-Ib. charge of copper was melted in a 
small, oil-fired reverberatory furnace, and sufficient metallic arsenic was 
added to the bath to bring the concentration of that element to about 
0.5 per cent. Air was blown into the melt until its oxygen content was 
just under 1 per cent by weight. The bath was then sampled and soda 
ash was blown in under the surface in 5-Ib. batches. After each addition 


* Research Department, Calumet & Hecla Consolidated Copper Co. 
10, T. Eddy: Arsenic Elimination in the Reverberatory Refining of Native 
Copper. Trans. A.I.M.E. (1931) 96, 104. 
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ee 
of soda ash the slag was removed and a sample : : 
Fig. 1 illustrates the rapidity and thoroughness with whic 
was removed from the copper. fay * 
? By treatment with soda ash many other elements besides arsenic a 
may be removed from a copper bath. ee 
In the course of an investigation upon which the authors wereengaged, __ 
it became necessary to determine the effect of soda ash upon both arsenic 
and antimony when those elements were present together in a bath of 
; copper. The situation arose in the following manner. 
Analyses of refined Lake copper, when performed in the refinery 
laboratories, have failed to disclose the presence of antimony. Through 
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Fig. 1.—ILLUSTRATING RAPIDITY AND THOROUGHNESS OF REMOVAL OF ARSENIC FROM 
COPPER. 
Fig, 2.—RESULTS OF TESTS OF ARSENIC AND ANTIMONY ELIMINATION. 
Per cent, As}. Per cent Sb. . 


the use of an accurate gravimetric method in which 1000-gram samples 
of copper were taken for analysis, it was demonstrated by the authors 
that antimony is never present in amounts as great as 0.0001 per cent, 
a result which was confirmed by Prof. Bart Park, who worked with a 
spectroscopic method.? Analyses of Lake copper from other laboratories, 
however, have generally reported small amounts of antimony. Further- 
more, antimony minerals are reported as having been found in the Lake 
Superior district, although a careful mineralogical and chemical search 


? B, Park and E. J. Lewis: Estimation of Small Amo 


unts of Antimony in C : 
Ind. & Eng. Chem., Anal. Ed. (1933) 5, 182. < vege 


ee 


PER GENT OF AS OR SB REMAINING IN BATH 


at 
= 


conducted in connection with this investigation failed to detect antimony 
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_ except in the upper levels of one of the mines long since abandoned. 


The discrepancies in the chemical analyses of the refined copper could, 
of course, be attributed to the inadequacy of routine methods of copper 
analysis where traces of foreign elements are involved, but it was 
thought that added evidence as to the absence of antimony would be 
highly desirable. 

All Lake copper—with the exception of the small tonnage of arsenical 
copper produced—is subjected to a soda-ash treatment in the process of 
refining. If antimony was present in the copper before the soda ash was 
added, it should be removed by that solvent at least in part and should 
thus be present in the soda slag in a greater concentration. Conse- 
quently, samples of soda slag were taken at intervals during the removal 
of the arsenic from a 250-ton furnace charge and were combined so as to 
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Figs. 3 AND 4.—RESULTS OF TESTS OF ARSENIC AND ANTIMONY ELIMINATION. 
Per cent As; -........... Per cent Sb. 


represent the slag resulting from three successive one-ton lots of soda 
ash. These three samples were analyzed for arsenic and antimony with 
the following results: 

No. 1 No. 2 No. 3 


enrcentarsenicemret cts 20 one wc ayers os a ue aes 5.25 6.02 2.66 
Percent amtimonye.tese -feviets ore secre one Hee 0.0083 0.0069 0.0027 


A OMMESENIC EO SNLMONY.: once caw ov. om eee ne 8 1600:1 870:1 980:1 


The charge of copper before soda-ash treatment contained nearly 


0.1 per cent arsenic. After treatment 0.0016 per cent remained. Very 
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nearly 500 lb. of arsenic had been removed by the soda ash and, as calcu- 
lated from the slag analyses, somewhat less than 8 oz. of antimony. The 
antimony removed was equivalent to slightly less than 0.0001 per cent 
of the copper in the furnace. 

Doubt as to the completeness of removal of the antimony still 
remained. In order to clear up this uncertainty several charges of copper 
of about 1000 Ib. each were melted in the small reverberatory furnace 
previously mentioned, and both arsenic and antimony were added to 
them in predetermined amounts. The melts were oxidized and were 
sampled as before; soda was introduced in 5-lb. batches, and the bath was 
sampled after each addition. Figs. 2, 3 and 4 show the results obtained 
from three such tests. The percentages of both arsenic and antimony 
remaining in the bath are plotted against the total amount of soda 
ash added. 

The following generalizations can be drawn from the data obtained. 
When arsenic and antimony are both present in a copper bath they can 
be eliminated simultaneously by soda-ash treatment. If the percentages 
of the two elements are fairly high and nearly equal, the ratio, arsenic 
eliminated to antimony eliminated, is approximately 6 to 1, arsenic 
being more readily removed than antimony. As the percentages of the 
elements decrease, the above ratio decreases also. Complete removal 
of one of the elements is impossible without the removal of the other. 

In no case was a ratio for arsenic removed to antimony removed as 
great as 1000 to 1 obtained or even approached, hence the authors’ 
original purpose in securing the data was not directly served. However, 
from the data it can be safely inferred that to obtain such a relationship 
the relative proportions of arsenic to antimony in the original melt must 
have been of the same general order, namely 1000 to 1. It follows as a 
natural conclusion that the 8 oz, of antimony removed from the 250-ton 
charge of copper before mentioned represented substantially its entire 
antimony content and that the refined copper finally contained well 
under 0.00001 per cent of that element, a quantity beyond the reach of 
routine chemical analysis. 


year rein sal 


~ 


A Review of Work on Gases in Copper 


By O. W. Etuis* 


(New York Meeting, February, 1932) 


BEFORE entering upon a general discussion of the fascinating, but at 
present rather controversial, subject of gases in copper, the author 
feels that some attention should be directed to the work which has been 
carried out on the solubility of gases in metals. The outstanding con- 
tributions to our knowledge of this subject have been made by Sieverts 
and his collaborators { and by Iwasé.® Both the German and the 
Japanese investigators employed apparatus of the same general design 
in their investigations. Full reference 
need only be made, therefore, to the 
German scheme, which is diagrammati- 
cally illustrated in Fig. 1. 

This, to use the words of Sieverts, 
which he employed in describing his 
arrangement of apparatus at the 1928 
meeting of der Deutschen Gesellschaft 
fiir Metallkunde“®: 


shows)a diagram of the usual mode of pro- 
cedure. A quartz flask contains the metal (for Fie 1.8 é 
high temperatures a highly refractory porcelain aan phe tape kaya has air 
tube is used) and is connected with the rest of gasps IN METALS. 
the apparatus by means of a stopcock. The 
other parts consist of a burette divided into {9 c.c., a leveling tube, and an adjus- 
table mercury reservoir. The burette is connected on one side with the gas inlet and 
on the other side with the absorption flask; the connection can be interrupted by 
means of suitable taps. Another tap permits the connection of the flask and the 
Tépler pump. In an experiment the quartz flask is first exhausted and then a meas- 
ured quantity of gas is let in from the burette. In the first place the volume of the 
flask when empty is found by calibration with an inert gas. The pressure is read off 
on the level tube of the burette, and the temperature measured by means of a thermo- 
couple whose welded junction lies close to the outside of the quartz flask, which is 
heated in an electric furnace. In several experiments the quantity of absorbed gas 
was transferred to a burette by means of a pump and measured. 


Gas Inlet a To Purnp 


Reaction Tube 
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Care was taken by Sieverts to cool the ground-in joint between the 
reaction flask (or tube) and the rest of the system. Suitable precautions 


*QOntario Research Foundation. 
+ Superior figures in parentheses refer to bibliography at end of paper. 
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were being investigated at temperatures in excess of about 1000° C. 
Iwasé® improved on the Sieverts apparatus in two ways. First, 


by (to all intents and purposes) fusing a short silica tube into the reaction 


flask, so that the thermocouple used in registering the temperature 


of the metal under observation was almost completely surrounded by _ 


the melt, he increased the accuracy of his measurements of temperature. 
Second, he immersed all the ground-in joints in his apparatus in mercury, 
so as to insure that no leakage of gas could occur at these points. 

In the fourth paragraph of his paper, Iwasé suggests that Sieverts 
and his collaborators did not allow the metals and gases to be brought 
in contact for a sufficient time at each temperature, so that the values 
given by him do not seem to be those of the saturated ones. ‘‘ Hence,’ 
says Iwasé, ‘‘the present writer determined the amount of gases absorbed 
to the point of saturation by metals by bringing gases and metals in 
contact for a sufficient time at various temperatures.’”’ Despite this 
statement to the effect that the German investigators ‘‘did not allow 
the metals and gases to be brought in contact for a sufficient time 
at various temperatures,”’ one finds it hard to conceive how they could 
have failed in their object of reaching equilibrium in their tests. In 
Sieverts’ paper on Solubility of Hydrogen in Copper, Iron and Nickel, 
for example, he specifically states that ‘‘the control test made at the 
end of a set of tests did thus not only give a guarantee of the accuracy 
of the last measurement, but permitted also of determining whether 
gas losses or gains had taken place; in other words, whether the preced- 
ing measurements deserved confidence or not.” 


Laws oF SoLuBILITY oF GAsEsS IN METALS 


At the moment it appears that all one can do is to present the results 
of both schools. This is done here, in so far as copper is concerned, in 
Figs. 2, 3 and 4, which show the absorption coefficients of the more 
important gases in copper at different temperatures. 

In Fig. 2, the results of Sieverts’ and Krumbhaar’s individual experi- 
ments with hydrogen are represented by the open circles, while Iwasé’s 
are shown by the black dots. The difference between the two sets 
of results is most striking. In this connection it may be noted that 
Sieverts found the mass of gas dissolved in copper to be proportional to 
the square root of the gas pressure, which leads immediately to the view 
that the molecule of hydrogen in solution in copper contains only one 
atom. The equilibrium between hydrogen and cuprous oxide in molten 
copper must, therefore, be represented by the equation 


2H + Cu.0 = 2Cu + H,0. 


appear to have been taken to allow for such diffusion of gas from the 
reaction flask (or tube) as occurred when the absorption phenomena — 
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| ecent ae by Allen® lends considerable punpast to Sieverts’ law, 


a it may well be termed. It will be recalled that the solubility of gases 
in most liquids obeys Henry’s law, which states that the mass of a gas ; 
dissolved by a given volume of a liquid at a definite temperature is 


proportional to the pressure (not to the square root of the pressure) 
of the gas. 


iat 


a 
= 
Tv 
ps —— 
52 _ 30p 
oS $ 
es = 75 ue 
wy es > 
ok [=y 
ora (=) 5 
S 3 = 
as ;: 
28 s a 
g6 = Revitirtera| 
aS 2 0 \ 
4 =f 
E ghana pee | 
ei Siemisat 
9 2 1 
bop | mG) 1 I 
0 200 400 600 800 1000 1200 1400 1600 900 1000 100 1200 1300 1400 
Temperature, °C. Temperature, °C 
Fia. 2. Fia. 3. 


Fic. 2.—SoLuBILITY OF HYDROGEN IN COPPER (IwASsf AND SIEVERTS AND KRUMBHAAR). 
Fic. 3.—SoLUBILITY OF SULFUR DIOXIDE IN COPPER (SIEVERTS AND KRUMBHAAR). 
[From Jnl. Inst. Met. (19380) 43, 74.] 

In Fig. 3 are shown the results of Sieverts and Krumbhaar’s work on 
the solubility of sulfur dioxide in copper. The values are unexpectedly 
high. Even more surprising is the 
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fact that the solubility of sulfur " 

dioxide in copper is, like that of 2% — tO 

hydrogen, proportional to the in | 

square root of the gas pressure, 52 

from which Sieverts argues so late es” Bie 

as 1928 that “‘there can be no ques- © 316 SL hs 
tion here of dissociation of the gas 22 ,, | vee 
; 1919) AS I \ 
into two components.” One he steals sé ‘1 
would have been tempted to ex- <° 1 | : Ha CO 
plain, as others have done, the 4t a aes 
somewhat remarkable solubility of 0 i ee oe 2 

sulfur dioxide in copper by assum- mee thie deanewiacenr Cre SP RR 


ing that the gas was decomposedin Fig. 4.—Sonupmiry oF CARBON MON- 

solution with the result that OXIDE, CARBON DIOXIDE AND NITROGEN IN 
3 ~~" COPPER (IWAS#). 

cuprous sulfide and cuprous oxide 

were formed on freezing in accordance with the equation 


SO, + 6Cu — Cu.S + 2Cu.0 
This was the explanation given by Stubbs™ in 1913. He showed that 
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approximately 70 per cent of the sulfur dioxide dissolved in molten copper 
reacts with the metal to form cuprous sulfide and cuprous oxide. There 
can be no doubt that this reaction does occur, since microscopic examina- 
tion under polarized light by Wells and Dalzell of samples of previously 
deoxidized copper, which had been melted and solidified in vitreosil 
crucibles in the presence of gaseous sulfur dioxide, revealed both cuprous 
sulfide and cuprous oxide after this treatment. It is open to question, 
however, whether the action is reversible, as Stubbs apparently believed, 
since the particles of cuprous sulfide and cuprous oxide (whether eutectic 
or proeutectic), which precipitate on freezing from what is, after all, 
nothing but an alloy of copper, sulfur and oxygen, are separated from one 
another by a continuous network of copper. They are thus largely, if not 
entirely, prevented from subsequently reacting to form sulfur dioxide. 
Wells and Dalzell have argued that porosity would be expected to result 
each time an alloy of copper, sulfur and oxygen was remelted and resolidi- 
fied in vacuo if reaction between the sulfide and the oxide could occur. 
This argument is somewhat difficult to follow, but their observation that 
such remelting and resolidification can be carried out three times in 
succession without apparent decrease in the amounts of cuprous sulfide 
and cuprous oxide, as revealed by microscopic examination, appears to 
indicate that reaction from left to right does not occur. 

To sum up, it may be said that the solubility in copper of sulfur 
dioxide per se has yet to be determined. In fact, we stand in much the 
same position today as did Hampe who in 1873 had arrived at the 
conclusion that molten copper absorbs sulfur dioxide, which is retained 
in part when the metal solidifies, and which is not removed, except 
perhaps superficially and very slowly, when the metal is heated in a stream 
of indifferent gas. 

In Fig. 4 are shown the results of Iwasé’s work on the solubilities of 
carbon monoxide, carbon dioxide and nitrogen in copper. In view of the 
fact that Sieverts and his collaborators obtained results in direct contra- 
diction to those of Iwasé, considerable confusion has resulted. Sieverts 
states categorically that “nitrogen is not dissolved by metals.” In the 
same paper he remarks that he. examined carbon dioxide ‘‘to ascer- 
tain its behavior toward solid and liquid copper. As inferred among 
others by Hampe carbon dioxide is not soluble, in copper. Carbon 
monoxide was likewise heated with copper up to 1520° C. No solubility 
could be noticed, contrary to the literature.” 


In commenting upon his work with the carbonic gases, Iwasé remarks 
that 


it is said that CO dissociates into C and CO, when it is heated with metallic 
copper at a temperature higher than 550° C. If this is the case, the volume of the 
gas decreases as the result of the dissociation, and hence the net volume of occluded 
gas cannot be known. But in the case of the present experiment, 7. e., with carbon 
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monoxide, the gas treated is passed through a layer of copper gauze at red heat for 
the elimination of the oxygen in it. Hence if the gas dissociates, there should be 
found some quantity of CO: in the purified gas; but this gas was not detected. Hence, 
the decrease in volume of CO which was in contact with the heated copper powder 
can be taken as dissolved in the metal. ; 


Before entering upon a discussion of the qualitative investigations of 
the behavior of gases toward copper, consideration must be given to the 
work of Allen“ on the decomposition of steam by molten copper. One 
hundred and thirty-two years ago, Proust“ reported that water was 
decomposed by copper, and numerous investigators since have studied 
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Fig. 5.—ARRANGEMENT OF FURNACE (ELLIS). 


the reactions between steam and the solid metal. The immense impor- 
tance of these reactions, in so far as liquid copper was concerned, has been 
made abundantly clear by the author.® In a very rough experiment 


copper was heated, melted, solidified and cooled in an atmosphere of water vapor. 
The maximum temperature reached was about 1300° C., which was maintained for 
20 min. The metal was allowed, after fusion, to cool to a temperature of 500° C., 
when it was removed from the furnace and immersed in alcohol to prevent surface 
oxidation. The cooling from 1300° to 500° C. occupied about one hour. The arrange- 
ment of the furnace in which the fusion took place is shown in Fig. 5. 

Analysis of the ingot showed it to contain 144.9 per cent of water vapor, 49.2 
per cent of carbon dioxide, 9.7 per cent of carbon monoxide, and 5.4 per cent of 
hydrogen, the percentages being in terms of the volume of the copper. The ingot was 
full of blowholes. It is almost certain that the carbon monoxide and dioxide resulted 
from reaction of the water vapor with the graphite plug which was used to seal one 
end of the furnace, since the metal used had been fused in vacuo before it was intro- 
duced into the furnace. The copper was free from cuprous oxide before melting but 
after melting was found to contain oxygen in this form. This oxygen no doubt 
originated from the dissociation of water vapor (2H,.0 = 2H: + O02), the hydrogen 
entering the metal as gas and the oxygen uniting with the copper to form cuprous 
oxide, since no oxygen as gas was found in the copper. 


Allen, who was endeavoring to discover the source of the type of 
unsoundness generally found in commercial ingots, had reached the 
conclusion that hydrogen was intimately, though indirectly, connected 
with this form of trouble. He was led to the view that the reaction 


H, + Cu,0 = 2Cu + H20 


was in reality the cause of the unsoundness and conducted a series of 
experiments similar in principal to that described above, but far more 
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refined in character. Copper was melted in a fireclay boat, in a ¢ 
end silica tube, arranged as in Fig. 6, and a gas-supply system was made — 
in such a way that the metal could be treated first with hydrogen and then | 
with steam generated from boiled-out, oxygen-free water, without 
“ admitting any air into the furnace when the charge was made. Fuller 
; details of Allen’s experiments may be omitted here, but the facts that the | 
copper was oxidized as a result of his treatment, that the solidified metal 
was unsound if cooled rapidly enough, and that hydrogen was produced 
and could be removed from the metal and measured, may well be noted. 
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Fig. 6.—ALLEN’s APPARATUS FOR TREATMENT OF MOLTEN COPPER WITH STEAM. 
(From Jnl. Inst. Met. (1930) 48, 118.) 

The velocity of reaction increased with temperature, the amount of 

hydrogen produced per hour varying from 0.2 ¢.c. at 1060° C. to 10.6 c.c. 

at 1275° C. The unsoundness was found to resemble that of commercial 

copper in the following particulars: 


1. It caused a fall in density of the same order. 

2. The holes were found associated with the Cu-Cu.0 eutectic in the 
grain boundaries and between the arms of the copper dendrites. 

3. It was produced in the presence of oxygen. 

4. It was prevented by very slow cooling during solidification. 

5. It was increased by increasing the temperature. 

Allen later attempted to measure the equilibrium between molten 
copper and steam, using the arrangement of apparatus in Fig. 7. The 
results of four of his experiments are shown in Table 1. 


TaBLE 1.—Relation of Oxygen Content to Hydrogen Content of Copper at 
1150° C. (Allen) 
(Partial Pressure of Water Vapor, 234 Mm.) 


Hydrogen Pressure, Cm. Hg | lldrogep Content | rider 
0.015 0.0000087 0.284 
0.067 0.000018 | OFU55 
0.340 0.000091 0.050 
6.607 | 0.00018 0.006 


Stockdale, in discussing Allen’s paper, argued that if the quantity 
of hydrogen dissolved in copper was proportional to the square root of 


a Secon should read 
b eb 2H + Cu.0 = 2Cu + H.O [1] 
and nol 
j H, + Cu.0 = 2Cu + H.O [2] 


“Tf it be assumed,” says Stockdale, ‘that under the conditions of the 
experiment the copper is saturated with steam, then...” in case 
1, “the product of the oxygen content and the square of the hydrogen 
content should give a constant.” Calculation showed that this product 
most certainly did not give a constant. Later work with improved 
apparatus, referred to by Allen in reply to the discussion of his paper, 
has shown this product to be constant within certain limits. 
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Fig. 7.—ALLEN’S APPARATUS FOR STUDY OF REACTION 2Cu + H.O @2H + Cu,0 


It would be expected, of course, that, given a constant amount of 
oxygen in the metal, the relationship 


PH20 _ 

pi, * 
would hold; whence, the steam content of an atmosphere in contact with 
molten copper being known, the hydrogen content of the copper could be 
calculated. One looks forward with considerable interest to the publica- 
tion of further results by Allen on this important problem. 


OVERPOLED COPPER 


Just as much disagreement exists between those who have investigated 
the qualitative effects of gases upon copper as between those who have 
interested themselves in the solubilities of these gases in the metal. 
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and have endeavored, as a result to their experiments, to arrive at the _ 


principles underlying the methods whereby ‘“tough-pitch” copper is 
obtained. The phenomenon of “overpoling” intrigued them as it does 
us. Because of the disagreement which still exists between different 
observers, it is the subject of considerable speculation. As to the appear- 
ance of overpoled copper, there is but little difference of opinion, and 
Percy’s description, even though it first appeared seventy-odd years ago, 
will bear reiteration here, since it may serve to emphasize some of the 
troubles that are met with by those engaged in the casting of copper: 

When tough-pitch copper is kept melted under charcoal during a sufficient time 
and is then laded into a narrow open mould, the upper surface of the ingot when cold 
presents a distinct ridge along the median line. This ridge is sometimes of consider- 
able height. In the act of solidification globules (Streu or Spriitz-kupfer of the 
Germans) of melted copper may be projected with force along the line on which the 
ridge will be found. The copper is more or less brittle, so that the ingot may be 
easily broken in two. Its fractured surface is more uneven than that of tough-pitch 
copper and appears fibrous throughout; it frequently presents small, irregular, tube- 
like cavities, of which the direction is from the sides and bottom of the ingot towards 
the median line along the upper surface, and through which the gas appears to have 
escaped; its color is paler and less red than the fractured surface of tough-pitch, and 
strongly inclines to orange. The appearance of the surface of the ingot suggests the 
notion that, after the upper surface had solidified in a certain degree, the still liquid, 
but more or less viscous, copper within had been squeezed through the upper surface 
along the line of least resistance. 


It should be remarked that Percy was not only aware of the fact that 
tough-pitch copper, when melted under charcoal and poured into suitable 
molds, produced ingots of the type so vividly described above, but was 
fully alive to the equally important truth that “comparatively pure 
copper is not rendered brittle by being heated with comparatively pure 
charcoal.” In other words, he appreciated the special importance of the 
role played by the cuprous oxide which is purposely introduced into the 
metal as a result of oxidation during the first period of the refining process. 
In fact, in the concluding paragraphs of his discussion of the phenomenon 
of overpoling, after dealing with the possibility of the generation of 
sulfurous acid as a result of interaction between oxygen and copper 
sulfide, he points out that, “should it hereafter be demonstrated that 
copper may, when melted under charcoal, take up carbon even in small 
quantity, carbonic oxide or carbonic acid would be formed by the action 
of oxygen upon the melted copper and produce the same mechanical 
effect as sulfurous acid;” namely, the rising of the surface and the porosity 
of the metal. Percy quite clearly considered sulfur dioxide to be the 
chief offender in this connection, though he felt that both carbon monoxide 
and dioxide might also be accessories to the fact. Percy’s views were 


based in the main on the results of work conducted by Karsten and 
Dick.@» 
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Most of the former have been interested, more or less, in fire-refining _ 
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At about the same time other investigators were at work, most of 
whom concerned themselves with the appearance and density of ingots 
of copper which had been melted under more or less controlled conditions. 
Caron”) and Hampe, for example, found that nitrogen and carbon 
dioxide were insoluble in copper, whereas hydrogen and sulfur dioxide 
were readily absorbed. They were divided in their opinion as to the 
behavior of carbon monoxide, the former believing it to cause the metal 
to spurt and rise when freezing, owing in part to the escape of carbon 
dioxide (Cu,zO + CO = 2Cu + CO,.), the latter holding the view that 
it merely lessened the density of the metal. Dick“ found that copper, 
when melted and allowed to solidify in an atmosphere of carbon monoxide, 
formed ingots of high density, but that if the metal were allowed to solidify 
in air, the density of the ingots was low. 

Hampe’s study of the overpoling of copper led him to the view that 
the characteristic appearance of ingots of such metal was due to inter- 
action between hydrogen and cuprous oxide, which, present in different 
parts of the bath, were brought into contact as the metal was being 
poured into the ingot molds with consequent formation of steam. 

Others who have studied the behavior of copper when melted in 
atmospheres of different gases are Lobley and Jepson,‘'®) Prytherch,“ 
Allen“ and Wells and Dalzell.“ Of these, Lobley and Jepson subjected 
small samples of the molten metal to the action of carbon monoxide, 
hydrogen and nitrogen at temperatures varying from 1100° to 2300° C. 
for various lengths of time. The samples were allowed to freeze in these 
atmospheres and, when cold, were carefully examined, note being taken 
of their external appearance, their apparent density, their internal 
structure and their hardness. These workers arrived at conclusions 
similar to those of Caron and Hampe in respect of carbon monoxide and 
nitrogen; namely, that these gases are not absorbed by molten copper, 
up to temperatures of 1900° and 1700° C. respectively, in excess of that 
soluble in the solid metal. Their findings in respect of hydrogen were 
particularly interesting, in view of Hampe’s earlier suggestions as to the 
important part played by this gas in overpoled copper. Lobley and 
Jepson found that hydrogen was absorbed by copper to a varying degree at 
all temperatures up to approximately 2200° C., the gas being rejected from 
the metal and forming blowholes while its solidification was in progress. 

Prytherch’s experiments were largely conducted on cathode copper, 
the melting of the metal being carried out in an electrically heated cruci- 
ble furnace, wherein either a slightly reducing or a neutral atmosphere 
could be maintained. Cathode copper contains appreciable quantities 
of hydrogen, which result from the manufacturing process, and which 
are set free from the metal on melting in amounts which depend on the 


means complete. Ingots having some of the earmarks of overpoled cop- 


per are therefore obtained. 


EFrrect oF SuLFuR 


Prytherch made the further experiment of bubbling sulfur dioxide — 


through molten cathode copper, which initially must have contained 
appreciable quantities of hydrogen, and pouring the metal into a cast- 
iron mold which had previously been heated to 150° C. During solidifica- 
tion of the ingot a small amount of gas was liberated, but in spite of 
this there was no rising of the metal in the mold. Macroexamination 
of a section of the ingot revealed blowholes which, however, differed 
in shape and distribution from those caused by the passage of hydrogen 
through the melt. ‘ 

Prytherch concluded that hydrogen and sulfur dioxide were soluble 
in molten copper, that the solubilities of these gases were markedly 
reduced at the freezing point, and that, because of this change in solu- 
bility, unsoundness resulted in ingots, even when they had been cast in 
iron molds. He showed, further, that the degree and the nature of the 
unsoundness depended on the factors, nature of gas, pouring temperature, 
rate of solidification, and, possibly, shape of ingot. 

It is of immediate interest here to refer to the work of Skowronski(® 
on the relationship between sulfur and oxygen in the melting and refining 
of cathode copper and on the effect of sulfur on the overpoling of copper. 

In so far as the former relationship is concerned, it was shown by 
Skowronski that during the oxidation period of the refining operation 
sulfur was totally eliminated from the metal bath, being reabsorbed, 
however, by the molten copper when its content of cuprous oxide was 
low enough to allow the reversible reaction 


6Cu -h SO, PSL Cu.S + 2Cu,0 


to occur. In this connection Skowronski stressed the immense impor- 
tance of using a low-sulfur coke or charcoal to cover the bath during 
the poling and casting periods of the refining process. 

In so far as the effect of sulfur on the overpoling of copper was con- 
cerned, it was shown by Skowronski that sulfur is a direct agent in the 
overpoling of copper, the cuprous oxide left in the copper acting only as a 
neutralizing agent for the sulfur. He Says: 


It takes a comparatively large amount of cuprous oxide to counteract a trace of 
sulfur; this explains why, in the refining of copper, the gases from fresh fuel will often 
‘overpole’ the copper during the casting period, and also why copper cannot be held 
in the furnace at the proper pitch for more than a few hours. It also explains the 
limit of recharging cathode sheets into the furnace after the copper has been worked to 
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the proper pitch, the sulfate present in the cathode sheets overbalancing the equilib- 
rium established between the cuprous oxide and the sulfur. 


It appears that Skowronski, while admitting that the pitch of cop- 
per was ‘‘perhaps” controlled by ‘‘certain reducing gases, such as car- 
bon monoxide and hydrogen,” felt that it was sulfur in the main that 
was responsible for the overpoling phenomena with which we are 
here concerned. 

The importance of sulfur in this connection has also been recognized 
by Siebe,“!® who considered sulfur dioxide to be harmful, owing to the 
formation of blowholes. He pointed out, however, that, if the formation 
of sulfur dioxide could be avoided, as, for example, by melting and casting 
the metal in an inert atmosphere (e. g., nitrogen), the presence of sulfur 
was not deleterious to copper, cuprous sulfide in small quantities actually 
improving the mechanical properties of the metal. 

Space will not allow of full comment on the above résumé of the more 
important observations on the effect of sulfur on the behavior of copper. 
One point, however, cannot be overlooked; namely, that there is almost 
complete’ unanimity as to the importance of this element. The author 
feels that the recent work of Wells and Dalzell on the remelting and 
recasting in vacuo of copper containing sulfur, and the suggestions of 
Siebe“® in respect of inert atmospheres are worthy of the consideration 
of those interested in the subject of sound copper castings. It should be 
noted in particular that Prytherch“ tested out the effect of bubbling 
nitrogen through cathode copper which had been melted in a clay-graphite 
crucible and found that ingots having a density of 8.84 were obtained. 
Under conditions otherwise similar, but in which no nitrogen was used, 
the ingots had a density of 8.50. 


Errect oF MATERIAL OF CRUCIBLE 


Turning once again to Allen’s work, we may note that he melted 
50-gram samples of clean cathode copper in fireclay boats in contact 
with various gases, allowing them subsequently to cool in the gas and 
ultimately measuring their densities. Pure nitrogen, hydrogen, carbon 
monoxide and carbon dioxide were used in these experiments. 

Only hydrogen gave ingots noticeably unsound, the unsoundness 
being so characteristic as to merit the name “hydrogen unsoundness.’’ 
It differed quite markedly from the unsoundness encountered in com- 
mercial practice. The ingots which were melted in nitrogen and carbon 
dioxide were slightly lower in density than pure copper. Prolonged 
heating in carbon dioxide resulted in ‘‘a slight progressive lowering of 
density,” according to Allen, though one would judge from his figures 
that the density had been little affected after the time of melting prior 
to freezing had been increased beyond about 10 min., the density after 
the 10-min. treatment being distinctly lower than that after longer treat- 
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ments. Allen attributed the lowering of density to the formation of 


cuprous oxide (CO, + 2CuzCu,0 + CO), not to the presence of = 
either carbon dioxide or carbon monoxide in the metal, ingots of copper __ 


which were melted and solidified in carbon monoxide having given the 
highest densities of the series (average, 8.9433). 


The work of Wells and Dalzell is of particular interest, since they took _ 


into account Caron’s observation that graphite was sufficiently permeable 
to allow of the escape of gases from cooling and solidifying metals which 
had been melted in crucibles made of this material. These investigators 
also took particular pains in the preparation of the samples of copper 
which they subjected to the action of the various gases used in their 
experiments. On the one hand, deoxidized and desulfurized copper 
(density, 8.96) was employed; on the other hand, copper (0.06 per cent. 
Oz) which had a density of 8.95 and was produced by melting wire bar 
and cake drillings in vacuo was used. atin | 

Wells and Dalzell found that ingots of the deoxidized copper which 
been held in a state of fusion for 3 hr. in contact with any of the gases, 
hydrogen, carbon monoxide and carbon dioxide, the crucible- being of 
graphite, were as dense as the untreated deoxidized copper with which they 
started. Nitrogen, however, caused porosity in each of the ingots tested. 

When similar copper was likewise tested in vitreosil crucibles, the 
average densities of the ingots obtained were reduced to the amounts 
shown in Table 2. 


TaBLE 2.—Density of Deoxidized Copper Treated in Vitreosil Crucibles 


AVERAGE DENSITY 


Gas (3 DrereRMINaTIONs) 
Carbon Gloxides tq.<.4is:<% awit ethan eens oe 6.94 
Carbon monoxide... og... spins spun tates eee 8.18 
Ay droge oe co ain se v8} cas oe pee Ee ee ee 8.93 
Nitrogen. 025.07. vaste Didtes ca tate th Ree ee en 8.84 
Steam Jc) tion po ene atee pupil bat cieke eee 8.83 


Wells and Dalzell argue that the absence of porosity in the ingots 
melted in the graphite crucible can be explained in terms of Caron’s 
experience, and the low densities of the ingots melted in the vitreosil 
crucibles can be attributed to the release of the gases on the solidification 
of the metal. In discussing the relative effects of the various gases on 
the density of the samples, they say: 


Carbon dioxide has the greatest effect because of (1) the large amount of it evolved 
on solidification and (2) its low rate of diffusion through copper after solidification. 

More carbon monoxide than carbon dioxide is released on solidification, but solid 
copper at 700° C. (and probably higher temperatures) is more than 28 times as 
permeable to carbon monoxide, hence the effect is less. 

Only one-sixth as much nitrogen is evolved as carbon monoxide, but the rate of 
diffusion of nitrogen at 700° C. is 0.0, hence practically all that is evolved is retained 
and therefore effective in lowering the density. 
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The low rate of diffusion of the nitrogen accounts, also, for the 
porosity of the ingots melted in the graphite crucibles. 


Water diffuses through copper at a rate about 38 times that of carbon monoxide 
at 700° C. The amount of it evolved on solidification must be fairly large, as its 
effect on porosity is about the same as that of nitrogen. 

The rate of diffusion of hydrogen is so great, and the amount of it evolved so small 
(relatively), that its effect on porosity is almost negligible. 


Table 3 embodies the values on which Wells and Dalzell based 
their arguments. 


TaBie 3.—Used by Wells and Dalzell in Discussing Density of Copper 


ee 


Solubility at 1083° C. Vol Rebpive 
Picasa oo Equiv. Per Cent Diffusion 
Gas Solidifica- | Volume at of Volume ; of Gases 
rety: ; kion@ 1083° C. | of Copper¢ through 
In Liquid In Solid Copper at 
Copper Copper 700° C.b 
A rerge se ersn 3 So % 11.45 8 3.5 16.2 145 1000 
Eee Se ae 65 
Coe. 24 - 3 21 97.2 873 LZ, 
(Or wea: 19.5 | 1.5 18 83.3 748 0.6 
INGRe eee aeeai sean 3.5 | 0.0 3.5 16.2 145 0.0 
ee ie eA De ee ee 


aK. Iwasé: Reference 2. 
> N. B. Pilling: Action of Reducing Gases on Hot Solid Copper. T'rans. A.I.M.E. 
(1918) 60, 322. ; . 


These investigators also determined the effect of melting the oxidized 
copper referred to above in graphite crucibles under the four gases, 
carbon monoxide and dioxide, hydrogen and nitrogen. ‘Tests were not 
made with steam, in view of its action on graphite. In these experiments 
porous ingots were obtained in three cases. The ingots which had been 
poured and cooled in carbon dioxide were practically equal in density to 
those which had been similarly produced from deoxidized copper, as 
also were those which had been prepared in an atmosphere of nitrogen. 
On the other hand, the ingots which had been poured and cooled in the 
reducing gases were distinctly low in density—carbon monoxide, 6.39; 
hydrogen, 6.60. 

To explain these results Wells and Dalzell assume that ‘‘cuprous oxide 
is colloidally dispersed in molten copper and in that state has the property 
of adsorbing water and carbon dioxide.” This theory, however, runs 
counter to nearly all the accepted opinions regarding the nature of solu- 
tions and, on this account, must be viewed with suspicion. The author 
feels that he, at any rate, could scarcely subscribe to the statement that 
“there can be little hesitancy in assuming cuprous oxide to be colloidally 
dispersed in molten copper.” And when, after all, a much simpler 
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theory can be brought forward to explain these results, it seems logica 
do so. 

The author has noted with interest that Wells and Dalzell particu- 
larly desired to prevent appreciable reduction of cuprous oxide by the 
reducing gases. They say quite clearly: “Only a 5-min. exposure to 
hydrogen and a 2-hr. exposure to carbon monoxide were allowed in the 
liquid state, as appreciable reduction of the cuprous oxide was not 
desired.”” Now, had complete reduction of the cuprous oxide occurred, 
the ingots presumably would have been sound, since, on cooling, the gases, 
hydrogen and steam in the one case, and carbon monoxide and carbon 
dioxide! in the other, would ultimately have escaped from the metal, in 
part via the free surface, in part via the crucible walls. So long, however, 
as cuprous oxide was present in the melt, reactions between dissolved 
hydrogen or carbon monoxide and dissolved oxygen could occur. And 
such reactions would obviously be capable of continuing as long as liquid 
copper-oxygen alloy remained. In view of the fact that the solubility of 
oxygen in solid copper is so small, the chances in most cases would be that 
the water or carbon monoxide which resulted from the reactions would 
produce blowholes in the neighborhood of such eutectic as was present 
inthesolidalloy. This, as Allen has also observed, is the type of unsound- 
ness which always occurs in copper when oxygen is present. ‘The blow- 
holes are smaller, more numerous, and tend to congregate in those parts 
of the crystal grain last to solidify, and in the crystal boundaries.” 
Hydrogen unsoundness in chill castings is characterized by “numerous 
large holes having a tendency to run toward the centre of the ingot 
being formed,” these holes being fewer in number, the more slowly the 
metal freezes. 

A consideration of all the qualitative work described above leaves one 
in a state of considerable doubt as to which gases do and which gases do 
not enter into solution in liquid copper. If Wells and Dalzell are right 
in supporting Caron’s views regarding graphite crucibles, the work of 
Lobley and Jepson must be put out of court. But doubt on the results 
obtained by Allen is hard to substantiate, though note may be taken of 
the fact that he used fireclay boats to hold his samples. In view of the 
fact that hydrogen caused unsoundness in the ingots he obtained, unless 
cooling of the metal took place slowly, it might be inferred that fireclay 
is relatively impervious to gases, and that the deficit in density which 
characterized the ingots obtained by him from the nitrogen and carbon 
dioxide melts was due to the partial retention of these gases in the metal 
on its solidification. But the density of the ingots obtained from the 
carbon monoxide melts approached closely to that of pure copper, whereas 
Wells and Dalzell’s ingots (melted in vitreosil in an atmosphere of carbon 


1 Caron” found carbon dioxide in the gases evolved from oxidized copper which 
had been melted in an atmosphere of carbon monoxide. 
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monoxide) were exceptionally porous. It is clear that more attention 
needs to be paid to the effects of cooling rates on these phenomena. It 


may be that the many inconsistencies referred to above can be explained 


in terms of this important factor, which apparently was unallowed 
for entirely in Wells and Dalzell’s experiments and appears to have 
been fully considered by Allen only in connection with his experiments 
with hydrogen. 


Gases EvotvEp From So.ipiryinc CoppPErR 


There still remain for consideration the results of experiments by 
numerous workers on the gases either evolved from copper on cooling 
from the liquid state or extracted from the 
solid or liquid metal subsequent to prepara- 
tion under the usual conditions of the foun- 
dry or refining shop. 

Many of the earlier workers on the sub- 
ject—Lucas,“” Erdmann and Scheerer, “®) 
Erdmann and Marchand“)—thought that 
oxygen was the gas which ordinarily escaped 
from copper on its solidification; Russell 
and Matthiessen,‘ however, believed the 
usual gases to be carbon monoxide and sul- 
fur dioxide. Theauthor® found the follow- Gicateloe: 
ing gases present in the mixture which evolved 
from copper that had been melted in a 
Schwartz furnace under usual foundry con- 
ditions: carbon monoxide, carbon dioxide, 
hydrogen, nitrogen, oxygen and steam. 
Sulfur dioxide may have been present but 
was measured, if present, as carbon dioxide 
in the analytical system used. In these ex- 
periments copper was poured from a ladle mie RY keeling cep ames 
into an open sand mold 4 in. in diameter and E tis 1n COLLECTING GASES GIVEN 
8 in. deep. Into the still molten copper a CFP DURING COOLING OF MOLTEN 
silica tube connected with an evacuated bulb 
in the manner shown in Fig. 8 was introduced. While the tube was being 
lowered into the copper, the stopcock A, through which heated air and 
gas could escape from the silica tube, was allowed to remain open. The 
tube was lowered into the metal until a volume of approximately 100 c.c. 
of the tube was still unfilled with metal. The stopcock A was closed 15 
sec. after the silica tube had reached its lowest position relative to the 
molten copper. During this time, it was assumed that most, if not all, 


Pyrex Bulb 


Stopcock B 


StopcockA 
Khotinsky 
Cement 


~ of the air originally in the silica tube would have been displaced by gases 


evolved from the metal. 
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; After a further wait of 1 min., stopcock B was opened an 
above the copper distributed themselves between the container a1 
bulb. Stopcock B was allowed to remain open for 4 min. before closing. — 
Later the bulb was separated from the container by melting the Khotinsky 
cement which connected them. tors’ 

Table 4 shows the analyses of the mixtures evolved and extracted from 
two samples of copper (1) from a charge that consisted entirely of copper 
scrap and (2) from a charge which consisted in part of oxidized copper 
(about 0.14 per cent of oxygen). 


Tapie 4.—Analysis of Gaseous Mixtures Evolved and Extracted from 
Ingots of Copper during Solidification 


Volume of Gas (Per Cent of Copper) 
(1) é (2) 
Evolved Extracted Evolved | Extracted 

Carbon mommides= te 1.2 9.6 0.4: /] 2.7 

Carbon dioxideis.-¢4)-- > +o: ial 11.6 0.5 33.8 

Hydrogen... 5... 2. age. Seana 1.9 nil nil 10.1 

Nitrogen... ). 0.58 Geen Tae | 33.8 0.2 10.2 nil 

Oxygens. oc. aats ee tee _ 10. sh ial, 6.1 0.2 

Sean sats teases Mics ce * 21.0 | 0.9 15.5 

Mey bOl: \ciituis Ae = cra cheer irae | 41.1 44.3 | 18.1 62.3 
ee see eee eee eS N 
Possible sources of error in those experiments involving measurements i‘ 


of the gases rejected by the metal on freezing were: (1) the closing of 
stopcock A before the air which was unavoidably trapped in the silica ’ 
container had been driven out; (2) the presence of charcoal within the 
container; (3) reaction between evolved gases within the container; and . 
(4) the presence of gases adsorbed on the inner walls of the apparatus. } 

The first would lead to the inclusion of nitrogen and oxygen in the 
gaseous mixtures, which would otherwise have been absent. If all the 
nitrogen and oxygen in these mixtures had originated in air which had 
first been entrapped and had been held in the silica container due to 
premature closing of stopcock A, the ratio of nitrogen to oxygen would 
have been 79.2/20.8 = 3.81 in both cases. In mixture 1, however, this 
ratio is far exceeded, so much so that one cannot but believe that most, 
if not all, the nitrogen in the mixture was ejected during the cooling and 
solidification of the copper. In mixture 2 the ratio is at best less than 
one-half what it should be, a fact which supports the view that most, 
if not all, the oxygen in the mixture was dissolved in the copper and 
rejected therefrom on freezing. 

The presence of charcoal in the container might account for the carbon 
monoxide and dioxide in the gaseous mixtures, and reaction between 
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these gases might account for the proportions in which they were found 


to be present. It does not appear possible that the water vapor present 
could be accounted for by assuming that reaction between hydrogen and 
oxygen had occurred within the container. 

One is tempted to believe the gases quoted in Table 4 to have been 
largely, if not entirely, evolved from the copper subsequent to the closing 
of stopcock A (Fig.8). While the volumes of these gases as percentages of 
copper are probably on the low side, since not all the gases evolved could 
have entered the Pyrex bulb, the relative proportions of the gases in the 
mixtures are probably correct. The differences in the compositions of 
the mixtures evolved are thought to be due in the main to differences in 
the oxide content of the copper which was under examination. It is of 
interest to note that the total hydrogen content of the gases evolved and 
extracted from the oxidized copper was definitely higher than that of the 
gases from the relatively deoxidized material. 


GasEs EXTRACTED FROM SOLID AND LIquip CopPER 


A number of investigators have studied the gases extracted from solid 
copper. Guichard,‘?? for example, heated copper in vacuo at 600° to 
630° C. and extracted carbon dioxide, hydrogen and nitrogen, with a little 
carbon monoxide. With thick wire or rods, the gas was evolved slowly; 
with fine wire, more rapidly. 

Of special interest are results which were obtained by Villachon and 
Chaudron.°” Their experiments involved the fusion of electrolytic 
copper (among other metals) under reduced pressure at 1400° C. for a 
period of 1 hr. The pressure was 449 mm. The metal was allowed to 
solidify in vacuo and was then reheated to a temperature of 600° C. and 
held there for some time (not stated). During this time 0.25 c.c. of 
hydrogen and 0.4 c.c. of carbon monoxide were removed from the metal. 
Villachon and Chaudron observe that the proportions of these gases 
removed from the solid copper at this temperature agree closely with what 
might be expected from a study of solubilities of these same gases in 
copper at the melting point (Sieverts and Iwasé). They further remark 
that ‘‘the only method of reducing the amounts of hydrogen and carbon 
monoxide contained.in metal consists in heating small pieces of sheet for as 
long a time as possible” at temperatures ‘‘close to the melting point. 
Fusion in vacuo, it is true, removes nitrogen completely. Hydrogen and 
carbon monoxide, however, form with metals . . . dilute solutions of 
hydrides and carbonyls having extremely low dissociation pressures.”’ 
It is to be noted that these workers do not refer to the gases extracted 
from the liquid copper during fusion at 1400° C. 

Of the investigators who have studied the gases extracted from liquid 
copper under reduced pressure, only Carpenter and Elam,‘* apart from 
the author, appear to have attacked this problem at all thoroughly. 


These investigators con s on 
copper, using the apparatus sl 1 Ce 
and reported on their experiments with “this relative ely 
follows: 


. Below are two analyses of the gases evolved rata pure copper 
Best pieced’ somewhat overpoled. In the first the gas was heated 
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“Gas Collected Here 
Fic. 9.—APPARATUS USED BY CARPENTER AND ELAM FOR COLLECTING GAS LIBERATED 
BY MELTING ADMIRALITY BRONZE. (From Jnl. Inst. Met. (1918) 19, 163.) 


volume. In the second it was collected as quickly as possible. They most nearly — 
resemble the analysis of the gas from the copper-tin alloy just given, and since they 
are so much alike they emphasize still further the important part played by the zine 
in altering the volume and composition of the gas collected from Admiralty bronze. 
In neither of these was there any free hydrogen. 


ee ee | 
In these cases there was not much cuprous oxide in the copper, and very little 
oxide was found in the tube on heating. 


| Gas Collected Gas Collected 

‘Quick, Per Cent) Slowly, Per Cent 
_ Hydrogen sulfide or sulfur dioxide................. 70.9 61.2 
Carbon ‘dioxide 2o3/un (ines Ses cel Ses: - 19.6. 34.9 : | 
Garbon monoxide 54 § <5 .aousis © - Garhinnaanet ane <8 4.7 1 
HI VOLOZCN | 8. 28s chon etic etek ee ae -3 
paturated hydrocarbOnsee. estas cae. oleate cee 0.8 | 
Unsaturated hydrocarbons... ener mide lee eee | 
Oxygen i475 SOFAS Oe OR SR oe eee. 1.2 1a | 
Residual gas, nitrogen .id.. ag: tae Sek Ee 2.8 2.8 | 
Volume of gas collected per 100 g. metal at 0° C. and ‘ 
760, mim..¢- 4.23. 9) vba ee ee 4.45 c.c. 5.95 c.c. 
: 
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Gases IN Copper ALLOYS 


Before dealing with the author’s work on the gases evolved from 
copper on melting under reduced pressure, reference may well be made 
to the work of Guillemin and Delachanal® and of Guillet and Roux, 
and to further experiments by Carpenter and Elam on alloys of copper 
containing tin and zinc. 

Guillemin and Delachanal examined certain ae forgings and 
found them to contain hydrogen, carbon monoxide and carbon dioxide. 
They noted that the ratio of the hydrogen to the carbonic gases was 
considerably greater in the sound than in the unsound forgings, the 
hydrogen content of the gaseous mixture extracted from the sound forg- 
ings being 90 per cent. 

Carpenter and Elam found the volume and composition of the gases 

extracted from molten Admiralty bronze (88:10:2) to vary with the 
method of collection, depending on the time the gas remained in the furnace. 
; Their apparatus is shown in Fig. 9. When the gas was removed quickly, 
the total volume collected was small and the mixture contained very 
little hydrogen and generally a fair proportion of sulfur dioxide and 
hydrogen sulfide. When the gas was heated to constant volume or 
4 removed only slowly, the volume collected was much larger and the 
, mixture contained about 50 per cent of hydrogen. In this case, sulfur 
dioxide and hydrogen sulfide were either very low or entirely absent. 
z- Carpenter and Elam considered that zinc was largely responsible for the 
differences which they observed, since they found much less difference in 
the gases collected from copper (vide supra) in both ways. Zinc, they 
believed, might act (1) by lowering the solubility of the gases in the 
alloy and (2) by volatilizing and reacting with the sulfur evolved to form 
zine sulfide. 

Guillet and Roux concerned themselves, among other things, with 
the composition of the gases extracted from solid brasses containing 60 
and 67 per cent of copper, respectively, at a temperature of 720° C. for 
2hr. The volumes of gas given off were 39 per cent and 55 per cent of 
the volumes of each of the alloys examined. In the 60 per cent alloy, 
the gaseous mixture contained 8.6 per cent COs, 56.4 per cent H: and 43.6 
per cent Nz (by difference); in the 67 per cent alloy, the mixture com- 
prised 13.6 per cent CO, 14.16 per cent COs, 65.4 per cent H, and 7.4 per 
cent No». 

On heating brass (composition not stated) to 1040° C. at a rate of 
7° C. per minute, evolution of gas was first found to occur at 530° C. and 
then to cease at 1040° C. The volume of gas extracted was one-half the 
volume of the metal. The gaseous mixture contained 9.5 per cent CO, 
19.0 per cent COs, 35.9 per cent He, 22.2 per cent CH, and 13.4 per 
cent Ne. 
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The extent to which the investigations on gases extracted from alloys = 


of copper can be used in arguments regarding the validity of the analyses 


of gaseous mixtures extracted from more or less pure copper is limited _ 


indeed, as the experience of workers who have examined both copper and 


copper alloys in this connection has shown (unpublished work carried 


out at the Research Laboratories of the Westinghouse Electric and 
Manufacturing Co.). See also remarks by Carpenter and Elam quoted 
on p. 20. This experience finds considerable support in Guillet and 
Roux’s results; the quite definite differences between the analyses of the 
gaseous mixtures extracted from the two brasses investigated by them 
under practically identical conditions is quite in line with this experience. 
While admitting the possible unreliability of the results reported to this 
Institute by the author® in 1928 (the causes of this possible unreliability 
are dealt with in detail below), the following remarks of Allen® in this 
connection are somewhat misleading, particularly when considered in the 
light of the detailed account given above of the work on the subject 
now in question: 


The results of analyses of gases withdrawn from solid samples of copper by heating 
under reduced pressures, which is the third line of investigation, afford no decisive 
judgment on the question. Such work has been carried out by Guichard, Carpenter 
and Elam, Ryder,? and (on brasses and bronzes) by Guillemin and Delachanal. In 
every case hydrogen, carbon monoxide, carbon dioxide, and nitrogen were present in 
the gases withdrawn, hydrogen predominating as a rule, but the quantities and com- 
positions of the gaseous mixtures obtained varied so erratically as to inspire little 
confidence, and there can be little doubt that, in view of the enormous difficulty of this 
class of work, experimental error accounted for a large proportion of the variations. 
Frequently the quantities of gas obtained were much larger than would be anticipated 
from the solubility measurements of Sieverts and Iwasé. 

The recent improvements in vacuum and melting technique hold out great promise 
that the difficulties will be eventually overcome, but the first results are disappointing. 
The work of Guillet and Roux confirms that of the earlier investigators in that the gas 
obtained was mainly hydrogen, whilst the quantity was more in agreement with the 
solubility measurements of Sieverts and Iwasé, but that of Ellis is difficult to under- 
stand, for the gas he succeeded in extracting from many samples of molten copper 
consisted mainly of carbon dioxide, carbon monoxide, water vapour and nitrogen, 
with not inappreciable proportions of free oxygen. A recent paper by Villachon and 
Chaudron reports results similar to those of Guillet and Roux. 


GASES IN CasTING CopPpER AND OVERPOLED, FIRE-REFINED 
CopPER 


In conclusion reference may be made to the work on gases in casting 
copper and overpoled fire-refined copper, which was described by the 
author® in 1928 and 1929, In the first place, a series of small ingots of 
copper, which had been melted in an electric furnace of the indirect-are 
type under severe oxidizing conditions, was examined. The conditions 


2 Ryder made an analysis of the gases extracted from liquid copper but published 
no results in the paper referred to by Allen. 
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were exceptional in that air was blown through the copper for 20 min. 
prior to its being tapped from the furnace. One sample was poured 
direct from the furnace into a small graphite mold in such a way that 
little or no contact between the metal and the mold could occur, owing 
to the large amount of slag which flowed from the furnace into the mold 
with the metal. The sample was found to be completely enveloped in 
slag and to show no evidence of unsoundness. The analysis of the 
gaseous mixture extracted from this ingot as percentage of copper was as 
follows: Os, 57.5 per cent; CO, 26.9; COs, 35.4; He, nil; Ne, 54.0; Water 
vapor, 12.5. 

This analysis may be taken as representative of the analysis of the 
gaseous mixtures extracted from all the ingots made in this particular 
series of experiments. ‘These mixtures contained little or no hydrogen, 
relatively large amounts of oxygen, carbon monoxide, carbon dioxide and 
nitrogen, and an average amount of approximately 112 volumes of water 
vapor in per cent of copper. 

This brings up the question of the reliability of the results recorded. 
No one, the author believes, has doubted that the gases referred to were 
analyzed as such, though objection can be made to any system which 
fails to measure the quantity of sulfur dioxide extracted from copper. 
This gas, it may be noted, would have been measured, if present, together 
with the carbon dioxide, so that the figures quoted for carbon dioxide 
(as pointed out by the author when introducing Trcu. Pus. 123 at the 
1928 meeting in Philadelphia) may have represented carbon dioxide plus 
sulfur dioxide. 

The main criticisms which have come to the author’s attention, 
however, have been directed (1) against the use of refractory oxide 
crucibles, which places the dependence for the removal of oxygen from the 
metal entirely on the partial pressure of this gas,“ and (2) against the 
inference that the composition of the gases removed from a metal by 
heating in a vacuum represent the mode of combination of the elements 
in the solid metal used as a sample. 

Dealing with the first of these criticisms, it has been suggested that 
the dissociation pressure of cuprous oxide at temperatures corresponding 
to those of vacuum fusion analysis is very low as compared with the 
pressures that can be realized in the apparatus which, for example, was 
used in the extraction of the gases from the oxidized copper now in ques- 
tion. These pressures were of the order of 5 X 10-4 mm. of mercury. 

The dissociation pressure of cuprous oxide has been calculated by a 
number of observers. Stahl,” for example, has given the values, 3.3 


3 It should be noted that the last thing the author desired in his experiment was to 
reduce the quantity of cuprous oxide present in his alloys. It was his hope that the 
alloy of oxygen and copper would contain after vacuum fusion the same amount of 
cuprous oxide as it did before. 
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(1327° C.) respectively. These correspond to the following pressures in 
milligrams mercury: 2.51 K 1075, 2.74 K 10-4, 2.138 K 107%, and 1.37 & 


10-2. Stockdale gives the values, 7.6 X 10-5 mm. (1200° Abs., 927° C.), _ 


4.0 X 10-? mm. (1350° Abs., 1077° C.), 1.9 X 10-? mm. (1420° Abs., 
1147° C.), and 1.0 X 10-! mm. (1500° Abs., 1227° C.), for the dissociation 
pressures of cuprous oxide at various temperatures. Dean‘?® gives the 
value, 5.6 X 107° atm., or 4.3 mm., for pO. (2Cu2.0 = 4Cu + Oz) at 
the melting point of copper. On working through Dean’s calculations, 


however, it was found that an appreciable error had been made, so that 


Dean’s value must be considered as incorrect. Randall, Nielsen and 
West‘?® quote the following equation: 

AF, = —41,166 — 1.27TInT + 0.000377? — 0.000000187% + 27.8817 
for the reaction, 2Cu + 1402 = Cu.0, the copper being in the solid 
state. This equation gives a value for AF 353 of — 15,468, whence can be 
obtained the value, 9.29 X 10-4 atm. for the oxygen pressure (p02) of 
pure Cu,0 at the melting point of copper. This is equivalent to a pressure 
of 7.06 X 10-'mm. The author, using the data collected by Randall, 
Nielsen and West, has obtained a slightly different value for AF 7, with 
the result that he has obtained a value for pO2 at the melting point of 
copper of 9.19 X 10-* mm., which is in fairly close agreement with the 
value obtained by Stockdale. 

But cuprous oxide is soluble in molten copper and, as a result, the 
readiness with which it dissociates is reduced. Thus, the value for pOz 
at the melting point of copper, the copper being in the liquid state and the 
amount of cuprous oxide in solution being small, would be of the order 
1X 10-°mm. When larger quantities of cuprous oxide were dissolved, 
pO2 might approach in value the pressures used in vacuum fusion, but 
the chances of deoxidizing copper by merely subjecting it to vacua of 
the order of 5 X 10-4 mm. seem rather remote, though not alto- 
gether impossible. 

The possibility is certainly not so remote in the present state of our 
knowledge as to enable one to say definitely that the oxygen which was 
extracted from the highly oxidized copper now under discussion did not 
result from the dissociation of dissolved cuprous oxide. The fact that 
the volume of oxygen extracted from copper melted under highly oxidizing 
conditions (e. g., ingots 1 to 83—83.4 oxygen in percentage volume of 
copper) was much higher than that extracted from copper melted under 
less severe conditions (e. g., ingot 7—7.7 oxygen in percentage volume of 
copper) lends some support to the view that dissociation occurred. 
Other evidence could be quoted which also lends favor to this view. 
Attention should be given, however, to the fact that some oxygen was 


. ‘hoe 
10-7, 3.6 X 10-%, 2.8 X 10-*, and 1.8 X 10-4 atmospheres for the dis- 
sociation pressure of cuprous oxide at the temperatures 1300° Abs. — 
(1027° C.), 1400° Abs. (1127° C.), 1500° Abs. (1227° C.) and 1600° Abs. 
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found in the gases evolved from copper (see Table 4), though it must be 
admitted that the conditions under which the gaseous mixture was 
collected in this case did not entirely exclude the possibility of oxygen 
having been left in the container. 

The situation is such that one is inclined to suggest as a problem of 
prime importance the investigation per se of the deoxidation of copper in 
vacua of the order of 5 X 10-* mm. It may be noted that the rate at 
which deoxidation in vacuo can be accomplished must certainly be slow, 
in view of the fact that most of the 114 to 2-lb. samples of copper dealt 
with by the author were in a state of fusion and agitation under the 
influence of the induced current for at least two hours. 

Turning now to the inference‘ that the composition of the gases 
removed from the metal by melting in vacuo represents the mode of 
combination of the elements in the solid metal used as sample. Criticism 
of this inference is certainly justified in view of the methods which had of 
necessity to be adopted in obtaining the various samples of copper 
investigated by the author in the experiments described in the paper on 
Absorbability of Gases in Casting Copper. The same remarks do not 
apply to the paper on Gases in a Sample of Overpoled Fire-refined Copper. 

In all the experiments referred to in the paper first mentioned, copper 
was poured from a furnace (electric or oil) into receptacles wherein it was 
brought into intimate contact with carbon, the practice in the foundry 
being followed as closely as possible. This practice involved the con- 
veyance of the copper from the furnace in ladles, the surface of the copper 
being covered with an ample supply of charcoal. In pouring the small 
ingots which were the subject of investigation, the possibility that small 
particles of charcoal might have been entrapped in the copper must be 
admitted, though it should be noted that the ingots were ground deeply 
before they were melted in vacuo. The object of this grinding was to 
remove all sand and nonmetallic materials as adhered to their surfaces. 
To the author’s knowledge, therefore, no charcoal entered the vacuum 
furnace, nor did macroscopic or microscopic examination of sections of the 
ingots show evidence of free carbon. The possibility that some charcoal 
did enter the furnace cannot, however, be entirely disproved. 

Per contra, it is of interest to see, as mentioned in the same paper, 
that when such samples of oxidized copper as had been conveyed under 
a charcoal cover from the furnace to the molds in such a way as to insure 
intimate contact between the carbon in the cover and the cuprous oxide 
in the melt were remelted and degasified, the gases extracted always 
contained about the same weight of combined carbon as percentage of 


4Jt may be pointed out that the author had never intended to suggest that the 
gases analyzed existed entirely in the metal sample in that form. A reading of his 
paper on Absorbability of Gases in Casting Copper,”® however, gives the impression 
that such was his view. 
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copper. It seems unlikely that this relatively uniform content of carb 1 ‘ 
would have been found in the gases, had charcoal been entrapped in the Al 


ingots and given opportunity to react with cuprous oxide in the melt 


during the vacuum fusion. One is tempted to argue that, while the 


proportions of carbon monoxide and carbon dioxide extracted from the 
ingots may have been determined by conditions over which there was no 


control in the vacuum fusion apparatus, the amount of carbon extracted. 


from the copper in combination with oxygen as carbon monoxide and 
carbon dioxide might have been determined, for example, by the time 
during which the oxidized copper was in contact with charcoal in the 
ladle. Since this time varied but slightly in these experiments (from 
4 to 8 min.), the carbon content might be expected to vary but slightly, 
too. It is difficult, however, to give a satisfactory explanation of this 
uniformity in carbon content, but the fact that the carbon content was so 
uniform completely upsets any suggestion that the carbonic gases extracted 
from the copper resulted from reaction between entrapped charcoal and 
cuprous oxide during fusion in the vacuum apparatus.* 

In so far as water vapor is concerned, the question arises as to how far 
the water vapor extracted (using this term rather loosely) from the oxidized 
copper samples resulted from reaction between hydrogen and cuprous 
oxide in the vacuum furnace. The fact that hydrogen was absent from 
the gases extracted from the most highly oxidized samples would tend 
to support the view that the water vapor present in these same gases 
resulted largely from reaction between hydrogen and cuprous oxide. On 
the other hand, it is of interest to note that the samples of copper melted 
in the electric furnace under reducing conditions contained neither hydro- 
gen nor carbon monoxide but did contain oxygen, carbon dioxide, nitro- 
gen and water vapor. Note may also be made of the fact that the gases 
extracted from the ingot of overpoled copper referred to in the paper on 
Gases in Overpoled Fire-refined Copper®?® comprised carbon dioxide 
and water vapor. These facts certainly lend support to the hypothesis 
that reactions between cuprous oxide (or oxygen) and carbon monoxide 
and hydrogen do take place during fusion in the vacuum furnace with 
the formation of carbon dioxide and water vapor. It seems unlikely, 
however, that the carbon monoxide found in many of the gaseous mixtures 
can be accounted for by any reaction within the melt. 


CONCLUSION 


In conclusion, it will have been made abundantly clear that much has 
yet to be done ere the problem of the composition of the gases dissolved 
in copper is completely solved. The widely opposed views regarding the 


5 The author assumes in this argument that the carbon dioxide measured in the 
analytical system of the apparatus was uncontaminated by sulfur dioxide: i.e., all 
the sulfur present was combined with copper as CusS(6Cu + SO, 2 2Cu.0 + Cu.S). 
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solubility, for example, of carbon monoxide in copper (Slavinski, Gorsh- 
kow and Syromiatnikow,“® for instance say quite definitely, ‘“‘It has 
been proved experimentally that CO is insoluble in copper.’’), the diver- 
gence of opinion as to the behavior of nitrogen and the differences in 
belief regarding the role of sulfur make it quite evident that further facts 
are required. Those who have concerned themselves with the phenom- 
enon of overpoling and have shown beyond a peradventure the important 
role played by hydrogen in this connection have, in the author’s opinion, 
been tempted to view as heresy all statements to the effect that gases 
other than hydrogen can have any effect on the porosity of copper. Too 
many experiments, however, have been conducted, in which other gases 
than water vapor have been found in the mixtures evolved or extracted 
from copper, for these to be lightly set aside. The fire-refining of copper 
is an important process, but hundreds of tons of castings are being made 
in such furnaces and under such conditions as have been rather roughly 
described in the author’s paper on Absorbability of Gases in Casting 
Copper. These conditions differ materially from those existing in fire- 
refining practice, and while the author freely admits that the presence 
of hydrogen in copper is the most likely cause of the troubles met with 
in the casting of copper under more or less ordinary foundry conditions, 
he does not feel that sufficient evidence has even yet been produced to 
enable one to say that such gases as carbon monoxide, nitrogen and 
sulfur dioxide are quite innocuous. 
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DISCUSSION 
(EZ. C. Bain presiding) 
formed a distinct service to copper metallurgists by bringing together the results 


obtained by various investigators of this important subject. The apparently con- 
flicting conclusions obtained, as Mr. Ellis points out, are frequently due to the widely 
differing conditions under which the various experiments were performed. Some of 
the investigators have tried to apply their findings to copper refining in an attempt to 
explain certain well-known phenomena, but in so doing have overlooked an important 
modifying influence. ; 


C. R. Haywarp, Cambridge, Mass. (written discussion).—The author has per- | 
. 
} 
i 


i 
In discussing a paper by Pilling and Halliwell in 1926 (Trans. A.I.M.E., 73, 695) I : 


made the following statement: ‘‘We also forget that there is often a change in the 


composition of copper as it flows from the furnace to the mold and during setting. | 
Most of our practical copper metallurgists minimize the absorption of oxygen during 1 


this period but I have made tests which show that the absorption is considerable and 
I feel confident that it has a bad effect upon the final properties of the copper as the 
fabricator has to receive it.” I still hold that opinion. 


In order to explain the phenomena accompanying the casting of overpoled copper, 


we must consider: (1) the gases present in the copper when it leaves the furnace, (2) 
the action of the atmosphere on the copper as it flows from the furnace, and (3) the — 
gases formed by reactions after the copper leaves the furnace. We can completely 
explain the porosity of cast overpoled copper if we admit the importance of oxidation 
during casting, and out of the conflicting data received by Mr. Ellis admit the follow- 

ing statements to be true: 


1. Hydrogen and carbon monoxide are readily soluble in molten copper and have . 


a rapid diffusion rate. 


2. Sulfur dioxide, water vapor, carbon dioxide and nitrogen are less readily soluble 


in molten copper than hydrogen and carbon monoxide and their diffusion rate is less. 


At the conclusion of the poling period, it will therefore be probable that the gases 


contained in the copper are principally carbon monoxide and hydrogen. Sulfur is 
also present. As the copper flows from the furnace there is a rapid absorption of 


oxygen which either directly, or through intermediate copper oxides, reacts with the 
sulfur, carbon monoxide and hydrogen, producing sulfur dioxide, carbon dioxide and 
water vapor. All of these being only slightly soluble in the cooling copper and having 
slow diffusion rates, create gas pockets and produce the well-known appearance of 
overpoled copper. The hydrogen and carbon monoxide that are unaffected will to 
a considerable extent under the relatively slow cooling of commercial practice, diffuse 


without leaving serious porosity. 
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My belief in this theory is confirmed by the fact that if copper is cast in a reducing 
atmosphere into a warm mold and air is rigidly excluded during solidification, only 
_ slight porosity is obtained. 


N. A. Ziecuer, East Pittsburgh, Pa. (written discussion).—A person who never 
. has done any work in this line may wonder why, after investing so much effort and 
money on this problem, different investigators with well-known names get results 
differing so widely. The present writer feels that a factor that would explain at least 
part of the difficulties is the purity of original material. Yensen was first, perhaps, to 
point out specifically that we know practically nothing about pure metals and that 
most likely their properties are entirely different from what they are commonly sup- 
posed to be. Yensen is working in ferrous metallurgy and all his publications refer 
specifically to iron and its alloys, but principles and ideas suggested by him are appli- 
cable to any metal.’ 

Whether or not Yensen is correct in his theories remains to be seen, but the main 
fact, demonstrated by him a number of times, and at present beyond any doubt, 
is that even traces of foreign elements (less than 0.01 per cent in magnitude) have 
sometimes a tremendous effect on properties of metals. 

The writer has demonstrated sufficiently convincingly, it is hoped, that solubility 
of oxygen in iron, with less than 0.01 per cent of other interstitial impurities, at tem- 
peratures over 900° C., amounts to about 0.1 per cent. But if the amount of these 
impurities increases, this solubility figure decreases rapidly.’ Would it not be 
logical to expect something similar in case of copper? At present we are not prepared 
to give a definite answer, because copper cannot be analyzed with sufficient accuracy; 
anything that contains less than 0.005 per cent foreign elements would be considered 
as ‘‘pure copper,” and yet it is not so. ; 

For example, carbon is considered as being insoluble in copper and not having 
any effect on its properties. It may be correct in most practical cases, but, on the 
other hand, it must be admitted that there is no absolute insolubility of one element 
in the other. Hence, copper-carbon constitutional diagram must exist, although the 
amounts of carbon may be expressed, perhaps, in tenth-thousandths of a per cent. 

The same may be true about many other elements. If this viewpoint were 
accepted, instead of ‘‘pure copper” we should deal with rather complicated alloys. 
The relative amounts of foreign elements present in them may have a wide variation, 
but the total sum remains about the same, which would, perhaps, make some experi- 
menters believe that samples of “copper” with which they are dealing are uniform in 
composition. 

In work on gases in metals, there are many interfering factors, some of which are 
yet beyond our control, and which, owing to their small values, are very difficult 
to conquer. This viewpoint may at least partly explain disagreement in the results 
of some well-known experimenters summarized with such remarkable skill in Mr. 
Ellis’ paper. 

R. C. Dauzevz, Trenton, N. J. (written discussion).—Mr. Ellis has suggested 
(p. 500) that the discrepancy between our results® and those of Allen are due to 
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different cooling rates. I believe that this is correct. Our own cooling rates were 
perfectly uniform. prey 

On page 508 Mr. Ellis states that Cu.O is soluble in molten copper. All present ’ 
data seem to indicate this. As pointed out in our paper, however, it seems possible 
that colloidally dispersed Cu,0 might give the same effects as a true solution would 
give. The theoretical objections raised on this point by Mr. Maier and others have 
not convinced me that it is impossible. Perhaps I should feel that unless I can prove 
this basic assumption which seems so radical I should abandon the theory I have 
proposed. The ability to explain all the phenomena of fire-refining and casting of 
refined copper, however, encourages me to hold to my ideas until absolute negative 
proofs or a better theory are advanced. Any acceptable theory must explain, not 
several, but all of the following: 
. Why proper pitch may be obtained by poling. 
. What oxygen content has to do with pitch. 
. What overpoling actually is. 
. Why slight reoxidation will not perfectly rectify the overpoled condition. 
. Why mold temperature and pouring temperature affect the pitch. 
. Why deoxidized copper forms dense castings. 7 

As to the subject in general, I am primarily interested in refined copper. Even 
if my basic interest were a copper alloy or an impure copper, I should surely start a 
prolonged investigation with the purest metal obtainable. After this had been studied 
thoroughly it would be time to test the effect of various impurities or alloying elements. 

I admire Mr. Ellis’ apparatus for collecting the gases evolved by solidifying metal. 
I should like to see it used for studying copper throughout the cycle of melting, 
refining, and casting refined copper, preferably including overpoling. I object to 
small-scale work on this phase because there are too many variables that might be 
overlooked. I believe, though, that other aspects of the problem can be worked out 
in a laboratory-size Ajax-Northrup high-frequency furnace. 


Oor wn 


O. W. Ex.is (written discussion).—The discussions do not in any way conflict with 
statements made in the paper, if exception be made of Mr. Dalzell’s further support 
ofhistheory. It appears to me that Dr. Hayward’s theory explains quite as completely 
as Mr. Dalzell’s the various points (1 to 6) raised by Mr. Dalzell in his discussion. 
There is no doubt whatever that Mr. Ziegler is right in saying that the attainment of 


even greater degrees of purity in certain of the nonferrous metals will result in the 
discovery of most interesting phenomena. 
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Chemical and Physical Features of Copper Leaching 
. By Joun D. Suxtivan,* Cotumsus, Ox10 


LeEacuine of copper ores is a comparatively old art, probably dating 
back to medieval times. The leaching of mixed oxidized-sulfide ores, 
however, is modern. ‘The first modern plant leaching mixed ores was at 
Ajo, Ariz., where commercial operations commenced in 1917. While 
the ore at Ajo was primarily oxidized there was always some sulfide 
present. The Inspiration leaching plant, which was put in operation in 
1926, may be considered the first plant constructed for the extraction of 
both sulfide and oxidized copper. The pioneers in leaching mixed ores 
had a difficult task before them since they had very little fundamental 
data on the chemical and physical factors of leaching. For the very 
large amount of painstaking experimental work that was done before 
building the Ajo and Inspiration leaching plants the reader is referred 
to the original articles. 

For a period of several years the writer worked.on problems connected 
with the chemistry and physics of leaching mixed oxidized-sulfide ores. 
This paper summarizes the experimental work and discusses various 
factors involved in leaching ores. It also presents many data heretofore 
unpublished. Among the new data are those on chrysocolla, pages 
518 to 519, inclusive; dioptase, page 519; covellite, page 529; virtually 
all those on chalcopyrite, pages 531 to 533, inclusive; enargite, page 533; 
and tetrahedrite and tennantite, pages 534 and 533. 

The oxidized copper minerals of commercial importance in American 
ores are azurite, Cu;(OH)2(COs)2; malachite, Cue(OH)2CO;; chrysocolla, 
CuSiO;.2H.0; tenorite (or melaconite), CuO; and cuprite, Cu,0. Diop- 
tase, CuSiO;.H.0 is less common. Brochantite, CuSO..3Cu(OH)s, while 
the chief mineral in the ore at Chuquicamata, is not of major importance 
in the United States. Metallic copper, while chemically not so, is 
frequently classed as an oxidized mineral of copper. The most important 
sulfide minerals are chalcocite, Cu.S; covellite, CuS; bornite, Cu;leS,; 
and chalcopyrite, CuFeS,. Less important complex sulfides are enargite , 


* Battelle Memorial Institute. 
1H. W. Morse and H. A. Tobelmann: Leaching Tests at New Cornelia. Trans. 
A.I.M.E. (1916) 55, 830. 
H. A. Tobelmann and J. A. Potter: First Year of Leaching by the New Cornelia 
Copper Co. Trans. A.I.M.E. (1919) 60, 22. 
G. D. Van Arsdale: Leaching Tests at Inspiration Cons. Arizona Mining Jnl. 
(March 30, 1926). 
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Cu;As$,; tennantite, CusAs.S7; tetrahedrite, CusSb2S7; chalmersite, 


CuFe.§3; and cubanite, CuFe2S,. 

In general it may be said that the best commercial solvent for oxidized 
minerals is sulfuric acid, and for sulfide minerals acidified ferric sulfate. 
Ferrous sulfate, however, is not a solvent for sulfide copper minerals. 
Other solvents may be chemically equivalent to those mentioned but 
for ease of preparation and handling, and cheapness, none excel. Since 
many ores contain sulfide minerals, especially pyrite, solvent may be 
generated in the leaching process. This is especially true in heap- 
leaching operations. For native copper and some carbonate ores an 
ammoniacal solution of cupric ammonium carbonate is frequently used. 
A slimy ore containing many fines is usually unsatisfactory for ammonia 


leaching, owing to the high loss of leaching solvent in the ore by adsorp- 


tion. A slimy ore was leached by the ammonia process at Bwana 
M’Kubwa,? but the copper content of the ore was high, so that this ore 
could economically stand a larger solvent loss than low-grade ores. 


CHEMISTRY OF DISSOLUTION OF COPPER MINERALS 


Fundamentally, leaching is a chemical process and even the type of 
leaching selected for a given ore may be governed largely by the chemistry 
of dissolution of the copper minerals in the ore. A basic study of the 
chemistry of leaching copper ores can best be made by a study on copper 
minerals, preferably as pure as possible. The rate of dissolution of a 
given mineral in an ore may, of course, be somewhat influenced by 
association of gangue or other minerals. A study should consist not 
only of the rate of dissolution of given minerals in various reagents at 
different temperatures, but it should also consider the mechanism 
of dissolution. 

In this paper data are given on the dissolution of some copper minerals. 
Table 1 gives chemical analyses for the various minerals discussed. They 
are reproduced here so that the reader may judge the purity of the 
materials investigated. The analyses are given in most instances for 
the minus 100 plus 200-mesh size. The chemical analysis varied very 
little with size because large pieces of minerals were crushed and screened. 
The data presented in this paper on copper minerals were obtained in 
experiments made ina room with temperature thermostatically controlled. 
Unless stated to the contrary, all temperatures were 35° C., the average 
in the Southwest. Footnote references are given to former articles that 
describe experimental technique and procedure in detail. 

The rate of dissolution of minerals may be influenced by the rate of 
agitation. Samples and solutions were placed in 5-pint (acid) bottles 
that rotated on revolving rolls at the rate of 514 r.p.m. The bottles 


MGn SE Van der Poel: Metallurgical Operations at Bwana M’Kubwa. Paper 
presented at Third Empire Mining and Metallurgical Congress, South Africa, 1930. 
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TaBLeE 1.—Chemical Analyses of Minerals 


Analysis, Per Cent 


Mineral 
Ce re Ts | tsa. Mn | CaO | MgO | idence. 

Azurite.......... 55.35) 0.23) 0.02) 0.46) 0.17) 0.32 
Malachite........ 55.43) 0.49) 0.05) 0.42) 0.24 | 0.56 
Menoribe sy... hiss» 29.86) 4.35} tr | 26.88) 5.0 : 
Chrysocolla...... 33.52) 0.17 1.11] 0.61 
(Cupriter. so ss 77.08) 0.62) tr | 10.68 
Chalcocite....... 78.28) 0.21) 20.95) 0.54 
Bornite, Magma. .| 65.20) 10.15] 24.18) 0.48 
Bornite, Sunset. ..| 60.54) 12.00) 25.54) 0.96 
Covellite, Kenne- 

COLUage ee aes 66.39) 0.45) 31.94) 0.34 
Covellite, Butte. .| 64.46] 0.98) 31.72) 2.76 
Chalcopyrite..... 31.34) 31.00) 34.06) 2.32 Zn 1.20 
Enargite No. 1...| 45.02) 1.10) 31.80) 2.32 As 13.22, Sb 0.69 
Enargite No. 2...| 45.12) 0.08) 31.36) 2.88 As 17.37; Sb 0.56 
Tennantite....... 41.51) 0.30) 25.30) 0.76 As 15.35; Sb 1.02; 

Pb 1.80 


oR SS OO eee ee ee i ee ee 
were not stoppered, thus permitting free access of air. Experiments 
made under different conditions of agitation will be referred to in the 
discussion of various minerals. 

Azurite and Malachite—Azurite and malachite sized to minus 100 
plus 200 mesh were completely dissolved in one hour in solutions contain- 
ing 1 to 5 per cent of sulfuric acid. The reaction for the dissolution of 
azurite may be written: 


Cu;(OH)2(COs)2 + 3H2801 = 3CuSO4 + 2CO2 + 4H2O0 


For malachite: 
Cu2(OH)2CO; + 2H.SO =-2CuSO,4 + CO, + 3H,0 


The theoretical consumption of acid is 1.54 parts of H2SOu per part 
copper dissolved. For azurite of the composition given in Table 1, the 
consumption of acid was approximately 1.6 parts of H.SO, per part of 
copper extracted. For malachite, the consumption varied from 1.62 
parts for 1 per cent acid to 1.71 for 5 per cent acid.* 

Tenorite.—The reaction for the dissolution of tenorite (melaconite) 
may be written: 


CuO + H.SO, = CuSO, + H:0 


The mineral shown in Table 1 was not of high purity. About 98 per 
cent of the copper in minus 100 plus 200-mesh material was rendered 


3 J. D. Sullivan: Dissolution of Various Oxidized Copper Minerals. U.S. Bur. 
Mines Rept. of Investigations 2934 (1929). 


518 CHEMICAL AND PHYSICAL FEATURES OF COPPER LEACHING 


soluble in one hour by a solution containing 1 per cent of sulfuric acid. 

Chrysocolla.—Data are given in Fig. 1 showing the rate of dissolution 
of pieces of mineral of various sizes in 1 per cent sulfuric acid solution. 
The rate of dissolution was even more rapid in solutions containing 2 and 
5 per cent H.SO.. Minus 0.525-in. plus 3-mesh size was 51 per cent 
dissolved in 6 hr. and completely in solution in 30 hr. in 5 per cent 
H.SO,. Minus 10 plus 28-mesh pieces were 97 per cent dissolved in 6 hr. 
in 5 per cent acid. Sizes smaller than 28 mesh were completely dissolved 
in 6 hr. or less in either 2 or 5 per cent H.SO,. 


er Dissolved— Per Cent 


BN 
Ss 


Copp 


0 / 2 3 4 5 6 7 
Time ~ Days 
Fia. 1—DIssoLUTION OF VARIOUS SIZES OF CHRYSOCOLLA IN 1 PER CENT SULFURIC 
ACID. 


While the rate of dissolution increased with decreases in size of 
particles, the difference was not so great as one might expect, since a 
large increase in surface area per unit weight is normally produced by 
crushing and grinding. However, owing to internal fractures and 
porosity, surface areas cannot be predicted without actual measurements. 
Such measurements have not been made for chrysocolla. 

The consumption of acid in dissolving minus 100 plus 200-mesh 
material was somewhat higher than theoretical, and increased with 
increases in strength of acid. Presumably some silica was dissolved to 
form silicic acid. The lime and magnesia in the mineral also consumed 
acid. The ratio, by weight, of acid consumed to copper extracted was 


NG 
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1.77, 1.90 and 2.06 for 1, 2 and 5 per cent acid, respectively. The 
reaction for the dissolution of chrysocolla in sulfuric acid can probably 
be written: 


CuSiO;.2H,O0 + H.S0O, = CuSO, -- SiO. + 3H.O 


Dioptase—Data are given in Fig. 2 on the rate of dissolution of 
dioptase in 1, 2 and 5 per cent sulfuric acid. Dioptase is dissolved much 
more slowly than chrysocolla. The term ‘‘chrysocolla”’ is frequently 
given to all silicates of copper. The remark is often made that some 
forms of chrysocolla are soluble in sulfuric acid whereas other forms are 


O 
95 10 15 20 2 30 35 4045 50 55 60 65 70 
Time - Days — 
Fiq. 2.—RATE OF DISSOLUTION OF MINUS 10 PLUS 28-MESH DIOPTASE IN SULFURIC ACID 
OF VARYING STRENGTHS. 


not. Chrysocolla is a definite mineral, CuSiO;.2H2,O, and is easily 
dissolved in sulfuric acid. Insoluble copper silicate encountered in 
ores may be dioptase, although there are several other copper silicates, 
including bisbeeite, cornuite, plancheite and shattuckite, of which the 
chemical properties are not definitely known. 

Cuprite-—Cuprite is a mineral often considered not suitable for 
sulfuric acid leaching. Hofman‘ states: ‘‘Cuprite. is decomposed into 
CuO and Cu; and ore carrying cuprite has to be oxidized (weathering, 


4H. O. Hofman: Metallurgy of Copper (revised by C. R. Hayward), 283. 
New York, 1924. 
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roasting) before treatment.” Greenawalt® says: ‘When acted upon by — 


dilute sulfuric acid, it is partly reduced to metallic copper, and partly 
oxidized to sulfate.” 

In an earlier paper by the author it was shown that cuprite can be 
leached by either sulfuric acid or acidified ferric sulfate. Complete 
dissolution, however, can be effected by sulfuric acid alone only in the 
presence of oxygen. In closed bottles with oxygen excluded only half 
of the copper was dissolved according to the reaction: 


CuO + H.S0O, => CuSO, a Cu + H.SO, 


Experiments reported in the earlier paper showed that even with pieces 
as large as 3 mesh, all of the copper in cuprite was dissolved in ferric 
sulfate in eight days, and 99 per cent was extracted in three days. The 
time required for smaller pieces was much less. Minus 100 plus 200-mesh 
material was virtually all dissolved in one hour. With sulfuric acid in 
the presence of air the rate of dissolution was somewhat slower than with 
ferric sulfate, but even with the minus 4 plus 10-mesh size, 99 per cent 
of the copper was dissolved in 20 days, and approximately 94 per cent of 
the copper from minus 3 plus 4-mesh size in the same time interval. For 
smaller sizes the dissolution rate was much more rapid, 24 hr. being 
sufficient to convert 100 per cent of the copper in the minus 100 plus 
200-mesh into the soluble sulfate, while approximately 99 per cent was 
dissolved in 12 hours. 

There is a tendency for the dissolution of cuprite to take place in two 
stages, one-half of the cuprite to go to sulfate and the other half from 
Cu.0 to Cu and then the Cu to go to copper sulfate by the help of an 
oxidizer. The finer the material the greater the number of particles 
that disappear during any given interval, and the more effective the 
action of air in promoting the dissolution of the finely divided copper. 
When cuprite is leached with sulfuric acid, metallic copper forms a 
difficultly permeable outer layer on the surface of the particles, which 
tends to slow down the dissolution. Fig. 3 shows a section of a cuprite 
fragment approximately 14 in. in size that was treated for one hour with a 
dilute solution of sulfuric acid. The surface of the mineral, when 
removed from the solution, was coated with a layer of soft, spongy copper, 
and inside this soft layer was a hard, adhesive coat of metallic copper. 
The hard layer was about 0.02 to 0.03 mm. thick, while the soft, spongy 
layer on the outside was slightly thicker. In the photomicrograph the 
white material on the outside portion is metallic copper and the black 
center is cuprite. The scratches on the white portion indicate the hard 
character of the copper. The polishing was done on canvas, using 


° W. E. Greenawalt: The Hydrometallurgy of Copper, 161. New York, 1912. 
°J . D. Sullivan and G. L. Oldright: The Dissolution of Cuprite in Sulphuric Acid 
and in Ferric Sulphate Solutions. U.S. Bur. Mines Rept. of I nvestigations 2967 (1929). 
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considerable pressure, which shows that the deposit was adhesive. A 
few bright spots near the center are due to light reflected from the surface 
from scratches made with a metallic instrument producing an actual 
polishing of the surface. 

When cuprite is leached with acidified ferric sulfate, sulfuric acid 
is the principal solvent for the reaction, converting one-half of the 
copper to the soluble sulfate and one-half to the metallic condition. 
Ferric sulfate assists in this part of the reaction by diminishing the amount 
of metallic copper adhering to the cuprite, and after the Cu stage is 
reached ferric sulfate is a much more active solvent for metallic copper 
than is sulfuric acid plus air. 


Fic. 3.—METALLIC COATING OF COPPER ON CUPRITE. X 110 APPROX. 


Chalcocite.—Chalcocite is one of the most important sulfide minerals 
of copper to be encountered in leaching ores. In a previous paper’ the 
author has given experimental details of work done on the dissolution of 
chalcocite in various solvents. 

The rate of dissolution of chalcocite in acidified ferric sulfate solution 
is practically independent of the size of particles over a wide range of 
particle size. Thus, particles minus 10 plus 28-mesh in size dissolve at 


7 J. D. Sullivan: Chemistry of Leaching Chalcocite. U.S. Bur. Mines T’ech. Paper 
473 (1930). 
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virtually the same rate as minus 200-mesh material. Pieces minus 3 
plus 10-mesh in size dissolve at virtually the same rate as smaller sizes, 
and minus 2 plus 3-mesh pieces dissolve at only a slightly slower rate. 
This would indicate either that chalcocite contains in its normal condi- 
tions sufficient capillary pores or openings to permit ingress of solution, 
or that internal fractures are opened during the crushing process. The 
latter seems scarcely tenable, since the larger pieces received scarcely 
any breaking or crushing treatment. The rate of extraction in acidified 
ferric sulfate solution is virtually independent of the strengths of iron 
as ferric sulfate and of sulfuric acid over a wide range of concentrations. 
A large excess of ferrous sulfate in the leaching solvent slightly decreases 
the rate of extraction. 


COPPER DISSOLVED 
PER HOUR, PER CENT 


a ae 
COPPER REMAINING UNDISSOLVED, PER CENT 


Fie. 4.—SHOWING TWO-STAGE DISSOLUTION OF CHALCOCITE IN ACIDIFIED FERRIC 
SULFATE. 


Chalcocite definitely dissolves in two stages, the first being much 
more rapid than the second. For minus 100 plus 200-mesh material at 
35° C., in acidified ferric sulfate solution, approximately 50 per cent of 
the copper is dissolved in 24 hr., and approximately 20 days is required 
to extract the remaining 50 per cent. In Fig. 4 data are plotted showi ing 
the two-stage dissolution of chalcocite in acidified ferric sulfate solution. 
The percentage of undissolved copper is plotted against the percentage 
of copper dissolved per hour. The curve, which is typical, shows that 
the reaction takes place in two steps, the first of which is much more 
rapid than the second. These two steps are represented by the Cu,S 

rapidly giving up one-half of its copper and changing to a form approxi- 

mating CuS, which dissolves at a slower rate. After half of the copper 
is dissolved, the material remaining, although havi ing the approximate 
formula Cus, is not the same as natural covellite. After the extraction 
has progesded to a certain stage, the atomic ratio of Cu:S becomes about 
0.9:1.0, and the rate of dissolution is markedly different from that of 
natural covellite. 

Pure chalcocite leached for 48 hr. at room temperature with acidified 
ferric sulfate, and then viewed under the microscope, contains a bluish 
colored mineral quite different from chaleocite and of a much paler blue 
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color than true natural covellite. It resembles the color often classified 
by mineralogists as blue chalcocite, which is claimed by many to be a 
mixture of white chalcocite and blue covellite, the intimate mixture of 
which gives a paler color than that of true covellite. 


COPPER DISSOLVED, PER CENT 


lia. 5—EFrrect OF TEMPERATURE ON RATE OF DISSOLUTION OF MINUS 100 PLUS 
200-MESH CHALCOCITE IN ACIDIFIED FERRIC SULFATE. 


Fig. 5 gives results on the rate of dissolution of minus 100 plus 200- 
mesh chalcocite in acidified ferric sulfate at various temperatures. 
Chalcocite dissolves slowly in sulfuric acid alone even in the presence of 
excess air. Data are given in Table 2 on dissolution rates in sulfuric 
acid solutions of different strengths. 


TABLE 2.—Dissolution of Minus 100 Plus 200-Mesh 
Chalcocite in Solutions of Sulfuric Acid of Various Strengths at 35° C. 


H2S0z in 100 C.c. Leaching Solution, Grams 


Time, Days 
0.4375 1.75 8.75 iy Gs) 35.0 87.5 
Copper Dissolved, Per Cent 

7 19 31 32 33 32 8 

14 31 34 36 37 37 16 

21 33 36 39 40 39 23 

28 35 38 41 42 4] 27 

39 37 40 42 43 43 32 


Anderson and Cameron,’ in discussing leaching in place at the Ohio 
Copper Co. mine, state: “‘Chalcocite, Cu.S, is quite-rapidly attacked by 
oxygen at ordinary temperatures in the presence of water, and whatever 
reactions may intervene, the result may be summarized in the equation 
ee + 50 + H.0 = CuSO, + Cu(OH)».” 


8 A. . Anderson and F. K. Cameron: Recovery of eae by Leaching, Ohio 
Copper Company of Utah. Trans. A.I.M.E. (1926) 72, 31. 
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Experiments were made in which minus 100 plus 200-mesh particles 
of chalcocite were submerged in water with a steady stream of air passing 
over the surface of mineral particles. After 35 days only 0.13 per cent 
of the total copper was rendered soluble. These tests indicate that air 
and water alone are not sufficient to extract the copper from chalcocite. 
It may be possible, by employing a system of alternate wetting and 
drying, to oxidize the surface of the mineral and thus very slowly effect a 
conversion of the copper to the soluble form. However, the dissolution 
of chalcocite by heap or in-place leaching is undoubtedly due to the 
presence of ferric salts and not to natural weathering agencies. 

Experimental work has been reported on the mechanism of dissolution 
of chalcocite in acidified ferric sulfate solution.? The reactions may be 
written: Cus + Fe2(SO.)s =H Cus + CuSO. + 2FeSO.4 


CuS + Fe2(SO.1)3 = CuSO, + 2FeSO, + S 
Or the combined reactions may be written: ; 
Cu.s + 2Fee(SO.)3 = 2CuSO.4 + 4FeSO. a S 


Figs. 6, 7 and 8 show minus 2 plus 3-mesh chalcocite before leaching, 
after leaching for 14 days at 50° C., and the residue after treatment with 
carbon bisulfide. After leaching the particles retained nearly their 
original outline. Apparently the sulfur remaining behind retains the 
form of the original mineral. If carbon bisulfide is added, the sulfur 
dissolves and the particles collapse. 

The rate of dissolution of chaleocite at ordinary temperatures is not 
markedly different in ferric chloride and ferric sulfate solutions. Attack 
by ferric chloride is somewhat more rapid at boiling temperatures. 
Slowly trickling a solution of ferric sulfate through a column of chalcocite 
effected a somewhat slower rate of dissolution than in the rotating 
bottles. Whereas the percentage dissolution was 47 and 90 in 1 and 11 
days, respectively, in bottles, it was 33 and 79 in the same time, respec- 
tively, in the trickle tests. 

Bornite.—The pure mineral bornite has the chemical formula Cu;FeSu. 
Bornite is rarely pure and is frequently associated with chalcocite and 
chalcopyrite. Smaller amounts of covellite are also frequently associated 
with it. The fresh fracture of bornite has a peculiar red-brown color 
from which it is frequently designated as “‘horseflesh ore.”’ 

Acid or some sulfate carrier is necessary to convert bornite into copper 
sulfate. Acid and air attack bornite much more slowly than does a good 
oxygen-carrying reagent, such as ferric sulfate. Fig. 9 gives data on the 
rate of dissolution of two samples of bornite and one of chaleocite in 
acidified ferric sulfate solution." At the start the copper was extracted 


* Reference of footnote 7, 17-22. 


J. D. Sullivan: Chemistry of Leaching Bornite. U.S. Bur. Mines Tech. Paper 
486 (1931). 
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Fic. 6.—Mtnvus 2 PLUS 3-MESH CHALCOCITE BEFORE LEACHING. 
Fic. 7.—Minwus 2 PLUS 3-MESH CHALCOCITE AFTER LEACHING 14 pays at 50° C. wirH 
ACIDIFIED FERRIC SULFATE. 

Fic. 8.—RESIDUE FROM LEACHING MINUS 2 PLUS 3-MESH CHALCOCITE AFTER TREATING 

WITH CARBON BISULFIDE, 
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more rapidly from the chalcocite, but approximately complete extraction 
was effected in about equal time. The rate of extraction was markedly 
increased by increases in temperature, as shown in Fig. 10. 

100; 


a 


COPPER DISSOLVED, PER CENT 


Fic. 9.—RATE OF DISSOLUTION OF MINUS 100 PLUS 200-MESH BORNITE AND CHALCOCITE 
IN FERRIC SULFATE. 4G, CHALCOCITE; b, MAGMA BORNITE; c, SUNSET BORNITE. 


As in the case of chalcocite, the rate of extraction of copper from 
' bornite by acidified ferric sulfate was not markedly affected by size of 
particles over a wide range of particle size.'' Bornite was dissolved 
more rapidly by ferric chloride than ferric sulfate. At 35° C. approxi- 
mately 60 per cent of the copper from minus 100 plus 200-mesh material 
was dissolved in ferric chloride solution in 1 day, 90 per cent in 6 days, 


| 


COPPER DISSOLVED, PER CENT 


0 5 10 15 2 
TIME, DAYS 

Fia. 10.—Errecr OF TEMPERATURE ON RATE OF DISSOLUTION OF MINUS 100 PLUS 
oe SUNSET BORNITE IN ACIDIFIED FERRIC SULFATE. a, 50° Coy oon Ges 
Calon 


and about 99 per cent in 10 days. Ferric chloride acidified with hydro- 
chloric acid dissolved copper from bornite more slowly than solution 
made of ferric chloride alone. A solution containing 1 per cent of iron as 


‘1 Reference of footnote 10, 4. 
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ferric chloride plus 0.5 per cent HCl dissolved 48 per cent of the copper in 
1 day, and 89 per cent in 10 days. At boiling temperatures about 65 
per cent was dissolved in 1 hr. and complete extraction was effected in 
12 hr. in acidified ferric chloride. 

Bornite was very slowly attacked by water and air alone; only about 
0.1 per cent of the total copper being removed in 32 days. The mineral 
was more rapidly attacked by sulfuric acid; 27 per cent of the total 
copper was extracted in 24 days by 1 per cent H,SO, and 34 per cent by 
5percentacid. The rate of dissolution was virtually the same in acidified 
solutions of ferric sulfate containing 0.25 to 5.0 per cent of ferric iron. 
Also, the rate of dissolution was virtually the same in solutions varying 
from 0.25 to 10.0 per cent H,SO, if the iron as ferric sulfate remained 
constant at 1 per cent. Dissolution was somewhat slower in tests in 
which solution was slowly trickled through a column of mineral than in 
the tests in rotating bottles. In revolving bottles the percentage dis- 
solution was 43 and 75 in 1 and 5 days, respectively, whereas in the trickle 
tests the percentage was 31 and 57 in the same time intervals, respectively. 

Data in Table 3 show the mechanism of dissolution of bornite in 
ferric sulfate solution. During the early part of the dissolution, copper 
was extracted, while the iron and sulfur were not appreciably attacked. 


TABLE 3.—Showing Mechanism of Dissolution of Bornite (Sunset) in 
Ferric Sulfate 


Total Sulfur . 
ee Ratio by . . 2 
Cop- Iron in Original Weight of nal Ratio of Gram- Atomic Ratio 
per Dis moe Barous Pier ag) fo) 2 ar of Sasiaaaiel a 
* Dis- ¥ xisting in ram-atoms u:Fe:S X= cists: 
Time solved, solved, Residue in Tron Pro- of Cu: Fe:S tracted during Residue 
Pi duced to : after CS2 
Per | G a Form Solu- | “Gopper Extracted Interval Since AeNtERGHE 
Cent en yle noe Diselead Last Sample 
er Cent é 
Original 4.43:1.00:3.70 
hr ae 2a.8 i Netty 2.0 1.82 1.00:0.016:0.069 3.42:1.00:3.63 
6 br...| 28.3 0.8 4.0 1.88 1.00:0.007:0.127|1.00: :0,42/3.20:1.00:3.61 
24 hr...) 43.5 5.8 6.9 1.83 1.00:0.030:0.185)1.00:0.074:0.15/2.64:1.00:3.59 
3 days.| 62.4 | 11:7 17.6 1.81 1.00:0.042:0.235)1.00:0.070:0.47|1.88:1.00:3.36 
7 days.| 77.0 | 35.8 45.3 1.76 1.00:0.105:0.493)1.00:0.370:1.58)1.54:1.00:2.83 


As the test progressed both iron and sulfur were also appreciably extracted 
from the mineral. During the interval from three to seven days more 
gram-atoms of sulfur were liberated than copper dissolved, indicating an 
attack on the iron sulfide portion of the mineral. The data in the last 
two columns of the table, showing that the ratios of Cu:Fe:S in the 
residues after the free sulfur was removed by extraction with carbon 
bisulfide, also demonstrate the preferential attack on the copper portions 
of the mineral. It will be noted that, although in the original mineral 
the ratio of Cu:S was greater than 1:1, after leaching one hour the ratio 
was less than 1:1. 
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Microscopic examinations showed that attack to the interior of 
mineral fragments was very rapid. Pieces as large as 10 mesh, after 
being treated in ferric sulfate solution for one hour, showed a change in 
color to the very interior of the specimen. This is in keeping with the 
fact. previously discussed that the rate of extraction is not markedly 
affected by particle size, at least over rather wide limits. 

As was the case with chalcocite, large pieces after leaching retained 
nearly their original outline, but after the addition of carbon bisulfide the 
sulfur dissolved and the particles collapsed. 


COPPER DISSOLVED, PER CENT 
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1g. 11.—DIssoLUTION OF VARIOUS sIzES OF BUTTE COVELLITE IN ACIDIFIED FERRIC 
SULFATE. 


Covellite—Covellite dissolves at a much slower rate than chaleocite 
and bornite and different samples of covellite also dissolve at different 
rates. The purest samples used by the writer were from Butte, Mont. 
Microscopic examination showed the Butte mineral to be almost pure, 
containing not over 5 per cent of other copper minerals, largely chalcocite 
with a small amount of bornite. The sulfide impurities in the products 
from Kennecott, Alaska, varied from 10 to 15 per cent and consisted 
largely of chaleocite but with some chalcopyrite also present. 

Figs. 11 and 12 show the rate of dissolution in acidified ferric sulfate 
of covellite of different size from two sources. It will be noticed that the 
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purer Butte product dissolved at a slower rate than that from Kennecott. 
Despite the fact that the smaller sizes dissolve more rapidly than the 
larger ones, the difference is not so great as would be expected from the 
new area of surface exposed in grinding. Apparently, covellite is also 
somewhat porous by nature or internal fractures capable of permitting 
influx of leaching solution are opened in crushing and grinding. 

The rate of dissolution is increased by increases in temperature. 
This is shown in Fig. 138. The experiment at 98° C. was made in a 
beaker on a hot plate. 
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Whereas copper is extracted from chalcocite at about the same rate 
by both ferric chloride and sulfate and from bornite more rapidly by ferric 
chloride, covellite is attacked more rapidly by ferric sulfate. Work 
previously reported? has shown that at 35° C. minus 200-mesh covellite 
from Kennecott when treated with a solution containing 1 per cent of 
iron as ferric chloride yielded 13, 22 and 34 per cent of the copper in 1, 5 


12 J, D. Sullivan: Chemistry of Leaching Covellite. U.S. Bur. Mines Tech. Paper 
487 (1930). 
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and 22 days, respectively; whereas with a solution containing 1 per cent of s 
iron as ferric sulfate, the percentage dissolved was 16, 42 and 62 in 1, 5 
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Fig. 13.—EFFrECT OF TEMPERATURE ON THE RATE OF DISSOLUTION OF MINUS 100 PLUS 
200-mMEesH KENNECOTT COVELLITE. 


and 24 days, respectively. More recently Brown,!* working on minus 
200-mesh covellite from Butte, obtained similar results. Brown’s data 
are given in Table 4. 


TaBLE 4,—Dissolution of Minus 200-mesh Covellite at 35° C. 


: 1 Per Cent of Iron 1 Per Cent of Iron 
Bas | ieteRal | (cRPEMMM LG | os PaaraTes, 
1 10 10 19 
3 13 13 28 
5 16 17 35 
8 19 20 48 
16 24 26 50 
22 27 28 52 


Minus 200-mesh covellite (Butte) dissolved in 5 and 10 per cent 
solutions" of sulfuric acid at about one-half the rate that it did in ferric 
sulfate solution at 35° C. The rate of dissolution is considerably slower 
in 1 per cent acid than in stronger solutions. In 35 days, 16, 26 and 27 
per cent of the copper was extracted by 1, 5 and 10 per cent acid, respec- 
tively. Results have been reported previously on the mechanism of 


‘88. L. Brown: Unpublished thesis, University of Arizona, 1931. 
4 Reference of footnote 12, 12. 
> Reference of footnote 12, 13. 
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dissolution of covellite in ferric sulfate solution. Experimental evidence 
showed that the reaction may be written: 


CuS ++ Fe.(SO,); = CuSO, + 2FeS0, +8 


Fig. 14 shows data on the rates of dissolution of natural covellite 
and a product obtained by leaching approximately 50 per cent of the 
copper from chaleocite, and leaving a residue with a ratio of Cu:S of very 
nearly 1.00:1.00. On the curve this is labeled “‘artificial.’’ As shown in 
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Fig. 14.—CoMPaARISON OF RATES OF DISSOLUTION OF ARTIFICIAL AND NATURAL 


COVELLITE. 


Fig. 14, the artificial product dissolved much more rapidly than natural 
covellite. One cannot say, therefore, that when chalcocite is leached with 
ferric sulfate one-half the copper is rapidly dissolved leaving a residue of 
covellite which dissolves at a slower rate. 

Chalcopyrite.—Chalcopyrite is usually considered nonleachable unless 
an exceedingly long time is allowed. Most of the copper may be extracted 
from chalcopyrite in heap-leaching processes, since the time of leaching is 
long and the temperature within the heaps often rises fairly high, espec- 
ially if much pyrite or other sulfide is present. Chalcopyrite has not 
been leached successfully by vat or agitation methods, unless the ore is 
first roasted or hot solutions used. 

Unless chalcopyrite is very finely ground, the copper is extracted 
very slowly at ordinary temperatures. With minus 100 plus 200-mesh 
material (Table 1) only 2 per cent of the copper was extracted by acidified 


of the copper was extracted from the minus 350-mesh size in 14 days at 


' 


ferric sulfate in 43 days. With minus 350-mesh material the rate of 
extraction was considerably faster, the percentage extraction varying — 
from 23 to 28 in 25 days and 33 to 39 in 57 days. The rate of extraction — 
was accelerated by increases in temperature. Whereas only 16 per cent 


35° C., 44 per cent was removed in the same time at 50°C. About 5 per 
cent of the copper was extracted from the minus 100 plus 200-mesh 
size in 3 hr. in a boiling solution of ferric sulfate. In 63 hr., 39 and 45 
per cent of the copper were extracted by boiling solutions containing 2 and 
5 per cent of iron as ferric sulfate, respectively. 

Copper is extracted from chalcopyrite more rapidly by ferric chloride 
than by ferric sulfate. At 35° C. a solution containing 2 per cent of 
iron as ferric sulfate extracted 11, 19, 28 and 39 per cent of copper from 
the minus 350-mesh size in 7, 14, 25 and 57 days, respectively, whereas 
one with 2 per cent of iron as ferric chloride extracted 17, 23, 32 and 45 
per cent in the same time intervals, respectively. A solution containing 
1 per cent of iron as ferric chloride extracted 41 per cent of the copper in 
63 hr. at boiling temperature, while one containing 10 per cent of iron as 
ferric chloride extracted 79 per cent in the same time. Tests at boiling 
temperatures were made in glass beakers. 

Pike, West, et al!® stated that ferric chloride is a more efficacious 
leaching solvent for chalcopyrite than ferric sulfate. They concluded 
that 85 to 90 per cent of the copper could be extracted from Walker mine 
chalcopyrite concentrates by ferric chloride solutions in 2 to 3 hr. They 
prescribed the following conditions for successful leaching: (1) Con- 
centration of total iron, 10 per cent or over; (2) concentration of ferric 
iron at least 4 per cent; (8) boiling temperature; (4) fine grinding and 
efficient agitation. 

Data are given in Table 5 on the mechanism of dissolution of chal- 
copyrite in acidified ferric sulfate solution at 35° C. The mineral was 
crushed to minus 350-mesh size. The data in the fourth column show 
that the ratio of Cu:Fe:S remained virtually constant, from which one 
may conclude that there was no selective dissolution of any part of the 
chalcopyrite molecule. Since the ratio of Cu:S in the residue remained 
constant, and since more copper was extracted than free sulfur liberated, 
some of the sulfur undoubtedly was oxidized. The reactions can prob- 
ably be written: 


CuFeS. + 2Fe2(SOu)3 = CuSO, + 5FeSO, + 28 
CuF eS: + 2Fes(SO.)3 + 2H2O + 302 = CuSO. + 5FeSO, + 2HSO, 


The data in Table 5 indicate that about 65 to 75 per cent of the copper 
was extracted by the first, and 25 to 35 per cent by the second reaction. 


TOD) Pike, G. H. West, L. V. Steck, R. Cummings and B. P. Little: Electrolytic 
Iron from Sulphide Ore. Trans. A.I.M.E. (1930) 90, Iron and Steel Div., 311. 
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Much consideration has been given to roasting of chalcopyrite 
concentrates in preparation for acid leaching. Discussion of roasting 
operations are outside of the scope of this paper and consideration of the 
factors involved in leaching roasted concentrates would make it unduly 
long. Roasting of any copper sulfide in the presence of iron sulfide is 
likely to produce a large amount of difficultey soluble copper ferrite. 
In the case of chalcopyrite where the iron and copper are molecularly 
linked, ferrite formation is especially bad. Roasting and acid leaching 
demands a cycle that will insure dissolution of ferrites at a low cost. 


Taste 5.—Data on Mechanism of Dissolution of Chalcopyrite in Ferric 


Sulfate 
Total Sulfur in Original . : 
Time, Copper Dissolved, Sample Existing in Cc nee ane af 
Days Per Cent Residue in a Form after CS: Trontmont 


Soluble in CSe, Per Cent 


Original 


Enargite——While enargite is not so important as many other copper 
minerals, it exists in some districts. It is one of the most difficultly 
soluble copper minerals. Brown," working with an almost pure specimen 
of enargite, referred to in Table 1 as enargite No. 2, has shown that only 
2 per cent of the copper was extracted from minus 100 plus 200-mesh 
material in 60 days at 35° C., in ferric sulfate solutions, and less than 
5 per cent from minus 200-mesh size. In dilute sulfuric acid, only 0.5 
per cent was extracted in 30 days. Brown also showed that the ratio 
of Cu:As:S remained virtually the same after 60 days of leaching as in 
the original mineral. While very little copper was extracted, one can at 
least conclude from Brown’s work that even though the copper was very 
slowly dissolved by ferric sulfate, the solvent did not attack the arsenic 
portion any more vigorously. 

The author, working with a sample referred to in Table 1 as enargite 
No. 1, found that at 35° C. and with minus 100 plus 200-mesh material 
only 2.6 and 3.0 per cent of the copper was extracted in 146 days, by 
solutions containing 1 and 5 per cent of iron as ferric sulfate, respectively. 

Tetrahedrite and Tennantite—Tetrahedrite and tennantite are rarely 
found in a pure state. Analysis shows that even specimen samples 
usually differ considerably in composition from the theoretical amounts. 


17 Reference of footnote 13 
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Invariably, tetrabedrite contains some arsenic and tennantite some _ 


antimony. Pure tennantite is supposed to contain 57.6 per cent of 


copper, 25.4 per cent of sulfur, and 17.0 per cent of arsenic. The author 
obtained one sample of tennantite which, although not pure, was much 
nearer to the theoretical composition than most specimens. It con- 
tained some copper that was readily soluble, but once the soluble material 
was removed the rest of the mineral was very refractory. Using a 
solution containing 1 per cent of iron as ferric sulfate plus 0.5 per cent of 
sulfuric acid and minus 100 plus 200-mesh material, 9.9 per cent of the 
copper was extracted in one day, but only 2.2 additional per cent in the 
following 55 days. With 2 per cent of iron as ferric sulfate plus 0.5 
per cent of sulfuric acid, the extraction was 10.1 per cent in one day 
and only an additional 1.6 per cent in 55 days. One would conclude that 
tennantite is quite refractory to leaching by sulfuric acid or ferric sulfate. 

While the author examined various specimens of tetrahedrite, none 
were pure enough to justify any conclusions as to the rate of dissolution. 
In the case of impure samples, the rate of extraction of copper was 
considerably more rapid than from tennantite. 

Other Chemical Considerations.—In considering the chemistry of leach- 
ing, the mineral associations and the character of the gangue must be 
considered. Some carbonate ores of copper containing appreciable 
amounts of calcium or other carbonates cannot be leached economically 
by the acid process, owing to high reagent consumption. Also, the 
method of recovering the copper from the pregnant leach liquors may be a 
decisive factor in the choice of solvent. Since ferric iron reduces current 
efficiency in electrodeposition, the solutions going to the tank house 
should contain as small an amount of ferric salts as possible if high current 
efficiency is to be realized. Likewise, when scrap-iron precipitation is 
employed ferric salts consume iron. In leaching ores the relative solu- 
bilities and rates of dissolution of the copper minerals and impurities 
determine the reagent consumption. The ideal goal is to choose a solvent 
and leaching cycle to extract a maximum amount of copper and a min- 
imum of impurities. Usually the ideal condition cannot be realized 
because the ore must be leached in a given time, and the cycle cannot 
be made too complicated. In heap-leaching or in-place leaching, since 
natural weathering is largely relied upon for the extraction of the mineral 
values, not so much attention is paid to the solvent as in methods of 
confined leaching. 

The usual practice in vat leaching is to add the strongest solvent to 
the ore longest under treatment, whereas the newest ore gets the weakest 
solvent. The theory on which this practice is based is that the oldest 
ore under treatment already has the easily removed minerals extracted 
and the remaining more refractory ones require a stronger solution to 
effect their dissolution. 
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The writer has reported experiments made by percolation methods 
on a leachable ore of the Southwest containing 83 per cent of the total 
copper in an acid-soluble condition. It was shown that a large percentage 
of the copper could be extracted from the ore much more rapidly by 
employing solutions of higher acidity, and that up to an extraction of 
50 or 60 per cent of the total copper, the ratio of acid consumed to copper 
extracted did not increase markedly with increases in acid strength. 
Sixty per cent of the total copper was extracted in 48, 62 and 85 hr. 
by solutions containing 10, 5 and 1 per cent H2SOu, respectively. The 
ratio of acid consumed to copper extracted, by weight, was 3.1, 2.7 and 
2.45, respectively. In extending the leaching period on the same ore to 
240 hr. the percentage extractions were 85.8, 81.9 and 79.7 for the three 
acid strengths, respectively, and the ratio of acid consumed to copper 
extracted increased to 7.65, 4.87 and 2.83, respectively. Use of the 1 
per cent acid over a longer period did not increase the acid consumption 
so much as in the case of the stronger acids. As a matter of fact, a 
price was paid in acid consumption for the last of the copper extracted 
by any of the solutions. For the last 2 or 3 per cent of copper removed 
the ratio of acid to copper was 10.2, 19.5 and 39.2 for 1, 5 and 10 per cent 
H.SOu,, respectively. With an extraction of 79.7, 81.9 and 85.8 per cent 
of the copper by the 1, 5 and 10 per cent solutions, the ratio by weight of 
iron to copper dissolved was 0.26, 0.59 and 1.04; and the ratio by weight 
of Al.O3 to copper dissolved was 0.38, 0.61 and 0.97, respectively. 

From a chemical standpoint, as regards consumption of acid in leach- 
ing mixed ores largely in the oxidized condition, it would appear desirable 
to first leach the ores with a strongly acidic solution to remove a large 
percentage of the copper, and then to complete the leaching with a 
solution of lower acidity. 

Recirculation of a part of the solutions in heap-leaching operations 
is highly desirable. Solutions in passing through the heaps ordinarily 
pick up ferric sulfate, and the recirculation of such solutions will accelerate 
the extraction of the copper from the ore. 


INGRESS OF SOLUTIONS INTO ORES 


While leaching is primarily a chemical process, physical factors must 
also be considered. One of the most important factors is the ingress of 
leaching solution into the interior of the particles of ores where contact 
is made with the copper minerals which are then, by chemical action, 
converted to soluble salts. 

There are, in general, two classes of voids in rocks: (1) fractures and 
cleavage planes, and (2) pores of capillary size or smaller. Crushing 
tends to create and enlarge fractures. Approximately 4 per cent of the 


18 J. D, Sullivan and G. L. Oldright: Leaching of Copper Ores.—Effect of Strength 
of Acid in Leaching Solvent. U.S. Bur. Mines Rept. of Investigations 3106 (1931). 
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total volume of typical porphyry ore of the Southwest is o 
voids within the particles. From the various properties affecting erg 
ingress of solutions, rocks may be classified as follows: (1) of the “shell ae = 
type, in which solutions penetrate more or less uniformly, (2) in which | 
solutions penetrate along fractures or cleavage planes to main channels - 
and then from these larger openings penetrate through smaller openings _ 
or pores, the rock itself weathering very little, and (3) those that break 
down in weathering. . 

In Fig. 15 results are given on the rate of penetration of water into a 
typical porphyry ore of the Southwest. Details of the method of 
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Fie. 15.—Rate or PENETRATION OF WATER INTO VARIOUS SIZES OF PORPHYRY ORE. 
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studying the rate of ingress of solutions into ores have been presented 
elsewhere. While results for pieces only as large as 4 in. across a face 
are presented, it can readily be seen that the time required for saturation 
increases rapidly with increases in particle size. Since pieces minus 1 
plus 34 in. in size are saturated rapidly, the factor of saturation is not so 
important in vat leaching, since particles are rarely larger than 3¢ in. 
However, in heap-leaching, where pieces 2 or 3 ft. across a face are 
common and pieces 5 to 8 ft. frequently are found, ingress may be very 
important, There is reason to believe that it would be economical to 
crush the ore before putting it on a heap. Crushing would make the ore 
more amenable to leaching by exposing more surface, by opening frac- 
tures and cleavage planes, and by shortening the path required for the 
solutions to come in contact with the copper minerals within the particles 
of ore. Of course, there is danger of crushing too far, since fines may be 


J. D. Sullivan, W. E. Keck and G. L. Oldright: Factors Governing the Entry of : 
Solutions into Ores during Leaching. U.S. Bur. Mines Tech. Paper 441 (1929). 

J. D. Sullivan and E. Ostrea: Factors Governing the Entry of Solution into 

Ores during Leaching, II. U.S. Bur. Mines Tech. Paper 498 (1981). j 
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produced that will counteract the advantage of crushing by surrounding 


the particles of ore, by preventing free passage of solution, and by slowing 


down the drying process that assists in removing soluble salts from the 
interior of the rocks. Shortening of the path required for leaching 
solutions to come into contact with copper minerals and for the subse- 
quent removal of the dissolved copper is important. Enough solution 
cannot enter the pores of the usual leaching ore at one time to dissolve 
all the copper-mineral content. Since the percentage of the total 
volume occupied by voids is so small, and since the concentration of 
copper in the solution coming out of the rock is so low, many replace- 
ments of solution are necessary to effect complete dissolution. Unless 
the rock breaks down in weathering, and thus shortens the path, large 
pieces of rock cannot be leached effectively without a very long period 
of operation. 

The rate of entry of solutions into rocks is probably governed primarily 
by the solubility of gas within the voids, and the rate at which solutions 
wet the solid.2° The two factors probably are interdependent, since the 
replacement of air in voids by a more soluble gas also permits more 
rapid wetting of the solid by the liquid if the air film adhering to the 
solid is also replaced by a more soluble gas. When the voids of a 2-in. 
cube of rock contained air, only 86 per cent of the voids were filled after 
336 hr. of immersion in water. However, when the rock was evacuated, 
and the air replaced with sulfur dioxide, 86 per cent of the voids were 
filled in 14 hour. 

Fig. 16 illustrates the manner in which solution penetrated a leaching 
ore of the Southwest. The sample was immersed in a solution of ferric 
sulfate for 3 hr., and later was immersed in a solution of sodium thiocya- 
nate to produce a dark color suitable for photographing. The piece was 
then broken open without drying. The dark places in the photograph 
indicate zones of penetration. Penetration along fractures is especially 
noticeable. After solution has passed through the larger openings, it 
penetrates more slowly to the interior of the rock through smaller 
fissures and pores. 

An important factor both as regards ingress of solution and dissolution 
of the minerals is the distribution of the copper minerals within the ore 
particles. If the minerals are concentrated in fractures and cleavage 
planes solution can more readily come in contact with them than if 
they are disseminated throughout the entire mass of the ore. 


REMOVAL OF SOLUBLE SALTS FROM LEACHED ORES 


Soluble salts must be removed after the solution has come in contact 
with the copper minerals and converted them to the soluble state. The 


20 Reference of footnote 19. 
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mechanism of removal of soluble salts may be entirely different in heap- _ 
leaching and in vat-leaching operations. ie 9 

In heap-leaching a certain quantity of water or solution is added at 
the surface; then another section is treated with solution, and so on. 
Several months may elapse before the first section is again treated with 
solution. Hudson and Van Arsdale?! stressed the importance of alternate 
wetting and drying in the removal of soluble salts to the surface of the ore 
particles. Alternate wetting and drying has an important role but it is 
not the sole mechanism whereby soluble salts are brought to the surface 
of the particles of ore. In well aerated heaps the ore probably dries 
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out fairly well between the additions of solution and, during the drying, 
solution from the interior of the rock is brought to the surface where it 
evaporates and the soluble salts are crystallized. The next washing 
operation removes the crystallized salts. However, unless heaps are 
well aerated, they do not dry out. Heaps are being leached in Arizona 
that were not originally prepared for leaching. Waste ore was piled in. 
dumps, and it was later decided to extract copper from them by heap- 
leaching. These heaps do not dry out although some drying occurs 
near the surface. Even in prepared heaps, the air chimneys are likely 
to plug owing to weathering and disintegration of rocks in the heap. 
Undoubtedly, diffusion plays an important role even in heap-leaching. 
As solution permeates the interior of the ore and dissolves copper minerals, 


* A. W. Hudson and G. D. Van Arsdale: Heap-Leachi i i | 
Trans. A.I.M.E. (1923) 60, 137. p-Leaching at Bisbee, Arizona. | 
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a diffusion pressure is created and soluble salts diffuse to the less con- 
centrated solution near and at the surface of the rocks and between 
particles. Diffusion is a relatively rapid process and since a long time 
elapses between washes, considerable copper may be diffused from within 
the particles of ore. On the other hand, it is not essential that the ore be 
thoroughly dried in order to bring some soluble copper to the surface. 
Nor will a single complete drying bring all the soluble copper to the 
surface. When minus 1 plus 34-in. pieces of ore were saturated by 
soaking in a dilute copper sulfate solution, only 60 to 65 per cent of the 
soluble copper was brought to the 
surface in a single complete drying 
of the particles and less in the case of 
larger pieces.?? Fig. 17 illustrates a 
6-in. piece of ore that had been 
saturated by immersion in a 5 per 
cent solution of copper sulfate, and 
then dried. The picture illustrates 
the interior of the rock which was 
broken after drying. The black spots 
and sections denote copper sulfate. 
The copper sulfate is disseminated [| Bee 
through the entire rock, especially Fie. 17.—CryYsTaLLIzED COPPER SUL- 
along the fractures and cleavage ee ee 
planes. This illustrates that in a single drying operation only part of 
the soluble copper is brought to the surface. 

Removal of soluble salts in confined leaching is due to diffusion since 
the ore is entirely immersed in leaching solvent and wash solutions. 
Most of the copper has probably diffused into the main solution before 
washing operations commence. 

Certain physical factors are very important in washing operations. 
Presence of fines and slime retard washing operations. Some slimes 
have the power of adsorbing large amounts of copper salts, and the 
latter are removed with difficulty. Unless sufficient acid is present in the 
first wash solutions precipitation of basic salts of iron and copper is 
likely to occur. 

An extensive series of laboratory tests on the removal of water-soluble 
copper salts from ores by washing have been reported.**> These tests 
simulated conditions after draining off the pregnant solution from leached 
ores. The most important conclusions drawn from this investiga- 
tion follow: 


22M. Guggenheim and J. D. Sullivan: Acceleration of Extraction of Soluble 
Copper from Leached Ores. U.S. Bur. Mines Tech. Paper 472 (1930). 

23 J. D. Sullivan and K. O. Bayard: Extraction of Soluble Copper from Ores in 
Leaching by Percolation. U.S. Bur. Mines Rept. of Investigations 3073 (1931). 
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1. Ability of the ore to retain solution is a good indication of the 
difficulty that will be found in washing out the soluble salts. The 


physical nature of the rock, its porosity, degree of kaolinization and 


sericitization, and the amount of natural slime determine the amount 
of solution that will be retained, and the difficulty that will be found in 
washing it out. Difficultly permeable slimes may decrease the rate of 
washing, and ores that cause slimy hydrous precipitates to form are also 
more difficult to wash. 

2. The rate of removal of water-soluble copper decreased with 
increases in the percentage of slime present. The effect of slime is 
illustrated in Fig. 18. A given ore was crushed to minus 14 in. and to 
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Fig. 18.—EFrrect OF VARYING AMOUNTS OF SLIME ON RATE OF EXTRACTION OF WATER- 
SOLUBLE COPPER. 


five separate portions—0, 5, 10, 15 and 25 per cent of slime (83 per cent 
minus 200-mesh) was added. The ore samples were saturated by 
immersions in copper sulfate solution and after removal of the excess 
solution by draining were washed with water. The time of the washing 
cycle was identical in each test. 

3. If the ore was moistened before charging it into the vat to aid in 
even distribution of coarse and fine material, and thus to prevent channel- 
ing of solution, the soluble copper was removed more readily. 

4, While in general the rate of extraction of water-soluble copper was 
slightly accelerated with increases in temperature, there was very little 
difference at 3° to 5°, 25° and 50° C, 

5. Complete donning of the strong pregnant solution from the ore 
would appear efficacious before commencing the washing operations. 

6. The cycles of submergence and draining should be as close to 
each other as possible, consistent with fairly thorough mixing of the 
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copper sulfate in the wash solutions and thorough draining of the wash 
solution. However, if wash water is scarce, longer periods of submergence 
may be justified. 

7. Downward and upward percolation of wash solutions gave virtually 
identical rates of extraction. 

8. The rate of removal (percentage) of water-soluble copper was 
virtually the same when the ore was impregnated with solutions contain- 
ing 5 to 80 grams of copper per liter, but the weight of copper removed 
per cycle or per unit volume of wash solution increased with increases - 
in strength of copper in the impregnating solutions. 

9. Very little advantage was gained by maintaining a head of wash 
solution greater than that required just to cover the ore. While the 
amount of copper removed in a wash was slightly increased, the amount 
of wash solution used increased out of proportion to the gain. 


BEDDING THE ORE IN THE LEACHING VaT 


A very important physical factor in vat leaching is the bedding of the 
ore. Ordinarily an ore is crushed as fine as feasible since the rate of 
extraction of copper is increased with decreasing size of particles, owing 
to the greater surface exposed and the shorter path required for solutions 
to come into contact with the minerals to be dissolved. However, the 
greater the degree of crushing, the more fines that are produced. Care 
must be taken to prevent segregation of coarse and fine materials in 
charging the leaching vat. In the early operations at Inspiration™ it 
was found that the system of bedding used at Ajo and Chuquicamata 
was not applicable to Inspiration ore. Later developments at Inspiration 
indicated the desirability of separating the primary slimes from the ore 
before charging it into the leaching vat. Classifiers were installed to 
remove the slimes and a separate slimes-leaching plant was built. 

For good extraction, free percolation of solution is essential, of course. 
If coarse and fine materials segregate in bedding, free percolation does 
not result. Some sections get more solution than they require; others 
get an insufficient amount of solution. It is not uncommon to find 
tailings from certain segregated areas that have a higher copper content 
than the ore originally charged to the vat. Free percolation has not 
taken place and some copper-laden solution has seeped into those areas 
and has not been removed by washing. 

One way of eliminating the trouble from segregation is to remove 
the slimes and other fine materials. This is the practice at Inspiration. 


24H. W. Aldrich: The Inspiration Leaching Plant. Paper presented at a meeting 
of the Arizona chapter of the American Mining Congress, October, 1927. Published 
by Min. Cong. Jnl. 

25 H. W. Aldrich and W. G. Scott: Leaching Mixed Oxide and Sulphide Copper at 
Inspiration. Eng. & Min. Jnl. (1929) 128, 612. 
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It effectively eliminates the segregation difficulties but necessitates sag 


separate leaching unit for the slimes. Another method of preventing 
segregation of coarse and fine materials in bedding lies in wetting the 
ore before charging, so that the fine particles stick to the coarse ones. 
This method of charging or bedding may be termed “wet charging.” 
The ore is prepared for wet charging by adding about 6 per cent of 
moisture, preferably while giving the ore a rolling or tumbling motion. 
Wetting can also be done by sprinkling or dripping solution on to the 
ore on a moving conveyor or belt. Moisture preferably should be 
supplied in the form of leaching solvent, since this does not add water 
to the wrong end of the leaching cycle, but if, on account of corrosion 
and other factors, leaching solution cannot be employed, water may be 
used. As a matter of fact, less water will be so added than by a wet 
classification system used in removing slimes. Another advantage of 
adding leaching solvent is that it commences to act as soon as it touches 
the ore. The wetting action, especially if in combination with a tumbling 
or trundling motion, causes the fine particles to adhere to the coarser 
ones. The ore may then be charged into a leaching vat without danger 
of segregation. 

Laboratory experiments described in detail elsewhere”® showed the 
advantage of wet-charging methods. In the case of one ore crushed to 
minus 3 in. with a leaching period of five days, the percentage of copper 
extracted was 57.7 when the ore was dry-charged, and 77.2 when wet- 
charged. In the case of dry charging, care was taken to prevent segrega- 
tion by carefully spreading the ore uniformly in the vat. Conditions 
of temperature, strength of leaching solution, etc., were the same. In 
another parallel test the minus 100-mesh material was removed by dry 
screening and then charged into the vat. The percentage extraction in 
the same period was 73.5. In a longer period of leaching the percentage 
extractions were 75.5, 89.4 and 89.7 for dry-charged, dry-charged with 
minus 100-mesh material removed, and wet-charged, respectively. 

In the case of another ore crushed to minus 3¢ in. the percentage 
extractions were 64.3, 74.0 and 78.3 for dry-charged, wet-charged, and 
dry-charged with minus 100-mesh material removed, respectively. 

With a third ore crushed to minus 14 in. the percentage extractions 


were 50.1, 60.3 and 56.8, for dry-charged, wet-charged and dry-charged 


with minus 100-mesh material removed, respectively. With a fourth ore 
crushed to minus 4 in. for the same conditions of charging, the percentage 
extractions were 69.9, 84.9 and 82.0, respectively. 

The extraction by wet-charging methods was markedly greater than 
by dry charging, and in three of the four ores cited, the wet-charging 


26 J - D. Sullivan and A. P. Towne: Leaching Copper Ores—Advantages of Wet- 
charging. U.S. Bur. Mines Rept. of Investigations 3050 (1931). 
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method showed better extraction than that by the dry-charged ore with 
minus 100-mesh material removed. The simplicity of preparing the ore 


and the great advantage in extraction would make it seem desirable for 


hydrometallurgists to give careful consideration to wet-charging methods. 


LEACHING OF ORES AND Taruincs ConTAINING LARGE AMOUNTS OF 
SLIMES 


As an extension of the scheme of wet charging, one may consider the 
leaching of concentrator tailings. Extensive tailings dumps that contain 
enormous tonnages of copper have accumulated. The tailings before 
the era of flotation were usually fairly high in their copper content. 


Current copper-concentrator tailings are virtually all minus 65 mesh and 


usually contain at least 50 per cent of minus 200-mesh material. In 
many instances the tailings from table and vanner concentrators of 
former days contained nearly 50 per cent of minus 200-mesh material. 
Concentrator-tailings dumps frequently contain two products—sand and 
slime. These products tended to segregate when sent to the tailings 
dump, since the slimes settled more slowly than the coarser material. 
In some dumps certain areas consist almost wholly of sands, and others 
almost exclusively of slimes. The copper is usually partly oxidized and 
partly sulfide. Owing to the high slime content, the low copper content, 
and the presence of sulfide minerals, agitation leaching has not been 
considered feasible. The tailings are too finely divided for stand- 
ard percolation. 

Agglomeration offers a possible solution to the problem of leaching 
tailings. Agglomeration is based on the discovery that if a small quantity 
of water or leaching solvent is added to concentrator tailings or finely 
divided ore and at the same time the mass is given a rolling or shaking 
movement, the mass becomes agglomerated into balls generally uniform 
in shape. It was found that if the agglomerated mass was charged into a 
column and leaching solution was added by the open-drainage trickle 
principle, so that the material did not become flooded, the solution 
percolated freely and satisfactory leaching results were obtained. Surface 
tension probably holds the particles together and, if the leaching solvent 
is added slowly so that a film of solution surrounds the particles, the fine 
material is not washed away and the mass will not collapse under certain 
conditions of leaching. 

Investigations on copper tailings and ores showed that sand and slime 
alone should not be agglomerated but should be diluted with a coarse 
ore crushed to about minus 14 in. The results indicated that not over 
30 or 35 per cent of minus 200-mesh material should be present in the 
agglomerated mass. The amount of moisture to use in agglomerating 
ore is rather critical. For porphyritic copper ores containing 30 per 


544 CHEMICAL AND PHYSICAL FEATURES OF COPPER LEACHING 


cent of minus 200-mesh material the moisture should be about 8 to 12 
per cent. 

Microscopic investigations showed that the agglomerations were of 
two types, the first in which particles of 1 mm. or larger in size formed the 
core and were surrounded by a shell of finely divided material, and the 


20 


it : Sel eee 
lia. 19.—Minvus }4-1N. ORE, SAND AND SLIME, BEFORE AGGLOMERATION. 
Fia. 20.—SAME MATERIALS As IN Fig. 19, AFTER AGGLOMERATION, 


second in which the particles were composed of granular members but 
having no clearly defined core. Further examination showed that 
agglomerations of the first type were units in themselves and did not 
appear to consolidate or attach themselves to other agglomerations except 
when moist. The first kind of particles is more stable and is to be 
preferred in the leaching process. Agglomerated copper ore has a much 
larger volume per unit weight than dry material. Agglomerated copper : 
ore containing 30 per cent of minus 200-mesh material occupies approxi- | 
mately 28 to 30 cu. ft. per ton. Even though the agglomerated particles 


a 
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in general retain their original shape during leaching, the mass frequently 
settles as much as 25 per cent. Figs. 19 and 20 show the nature of 
agglomerated particles. 

In the laboratory tests the best procedure to agglomerate coarse 
material and tailings was to charge the coarse material and the agglomerat- 
ing liquid into a revolving concrete mixer, and then after the ore was 
thoroughly wet and mixed, to add the tailings. 

Solution must be trickled on to the agglomerated ore slowly, especially 
at the start of the leaching operation, to prevent flooding the ore. Flood- 
ing may cause the agglomerated mass to collapse, thus preventing free 
percolation of solutions. In a 12-ton test, after the mass became satu- 
rated, solution was added at the rate of approximately 3 gal. per 24 hr. 
per square foot of surface. 

Since agglomerated ore is in an unstable condition and can be col- 
lapsed by pressure, the height of column of ore that may be used is 
limited. In general, the less slime present and the smaller the cross- 
sectional area, the higher a column is permissible. The results of 
laboratory experiments indicate that a depth of bed of agglomerated 
ore of 10 ft. or higher can be maintained. 

The following is a comparison of the rates of percolation in agglomer- 
ated and unagglomerated ore and may be taken as a fair example of the 
advantages of the method. The two kinds of ore containing 29 per cent 
of minus 200-mesh material were charged into 5-ft. glass columns 114 in. 
in diameter. The solution came through the agglomerated ore in 4 hr. 
and 15 min., and the solution did not come through the bottom of the 
unagglomerated ore in four days. 

In leaching ores by flood-percolation methods, especially when 
much slime is present, considerable channeling results, whereas in trickle 
leaching of agglomerated ore if the solution is added uniformly at the 
surface there is little tendency to channel. Standard methods of leaching 
ore containing a high percentage of slimes present the problem of colloidal 
effluent solutions requiring counter-current washing or filtering before 
the dissolved copper is precipitated. When the agglomeration process 
is used, even when as much as 35 per cent of minus 200-mesh material 
is present, the effluent solutions are clear and require neither decantation 
nor filtration. 

The conditions surrounding practical application of the agglomeration 


’ method will have to be determined for the individual material to be 


leached. Details of experimental procedure for copper ore have been 
described.2”. The number of possible practical applications will not be 


27H. E. Keyes: Innovations in Copper Leaching Employing Ferric Sulphate- 
Sulphuric Acid. U.S. Bur. Mines Bull. 321 (1930). 
J. D. Sullivan and A. P. Towne: Agglomeration and Leaching of Slimes and 
Other Finely Divided Ores. U.S. Bur. Mines Bull. 329 (1930). 


Ammonia Leaching at Kennecott 


By E. J. Duaean,* Kmennecort, ALASKA 


It is a coincidence that the two plants in this country for treating 
copper ores by ammonia leaching came into existence at almost the same 
time, that of the Kennecott Copper Corporation at Kennecott, Alaska, 
in March, 1916, and that of the Calumet & Hecla Mining Co. in July of 
the same year. The success of both from their very beginning attests the 
merits of the process under widely different sets of conditions. 

As would be expected, in the time they have been operating these two 
pioneers in this field have greatly perfected their methods and improved 
their technic. The early difficulties inevitably encountered in under- 
takings of this nature have been largely surmounted and the process may 
now be considered to be well seasoned and matured. There have been 
no other commercial plants built in this country and but one elsewhere, 
the Bwana M’Kubwa in Northern Rhodesia, for the reason that this 
method of treatment may be employed on comparatively few ores. 
However, it has certain advantages, some of which are inherent to sand 
leaching processes generally and some to ammonia leaching in particular. 
Among these may be enumerated: (1) the avoidance of fine grinding; 
(2) the small amount of water required; (4) a high-grade product; 
(5) little likelihood of deleterious gangue constituents and fouling 
of solutions. 

It is true that great progress has been made in recent years in the 
flotation of the ores that come within the province of ammonia leaching. 
Nevertheless ammonia leaching has its possibilities and these may be over- 
looked in the present tendency toward the use of flotation for all ores. 
Probably the chief requisite to its further extension to suitable ores will be 
a cheap source of steam. Ammonia, the only reagent required, is 
unlimited in supply, readily transported and the price that is likely to 
obtain in the future should not make its cost at all onerous. 


CuHoice oF Mrtuop FoR KENNECOTT ORES 


The Kennecott ores are typical limestone replacement deposits. _ The 
milling ores have a copper content of approximately 8 per cent in a lime- 
stone dolomite gangue. About half the copper occurs as sulfide, mostly 
chalcocite with some covellite, and the remainder in the form of the two 
carbonates, malachite and azurite. A comparatively coarse grind followed 


* Superintendent, Kennecott Copper Corporation. 
547 


548 AMMONIA LEACHING AT KENNECOTT ai ) 


by gravity concentration affords good recovery of the sulfides. The 
concentrator tailing, however, contains upwards of 1.00 per cent copper 
most of which is carbonate. 

When the problem of treating this material first arose two possible 
methods were considered: one by sulfide filming and flotation; the other, 
leaching with ammonia; acid leaching, of course, being precluded by 
the solubility of the gangue. One of the principal determining factors in 
directing the management’s efforts toward ammonia leaching was the 
fact that the shipping product would have a grade of about 75 per cent 
copper while the best grade hoped for with flotation would not exceed 30 
per cent. Kennecott’s isolated position and consequent high freight 
rates make a high grade for all shipping products of paramount impor- 
tance. Another reason why leaching was preferred to flotation was the 
scarcity of water during the winter months. 

The first experiments with ammonia on the Kennecott ore were con- 
ducted at the Federal Lead Co. laboratory at Flat River, Mo., in the 
winter of 1913-14. The possibilities of the process were immediately 
apparent and a small test plant was built on the property in the summer 
of 1914 to determine its feasibility on something like an operating scale. 

The greatest obstacle encountered during the test work was the wash- 
ing of the leached tailing. The ore is more or less absorptive of ammonia 
and cold water is a poor vehicle for its removal. Also, the large volumes 
required would render the cost of distillation prohibitive. It was 
known, of course, that heat would drive off the last of the ammonia, but 
the use of heat on ore of such low grade seemed highly impractical, 
especially as heat was the precipitant for any copper bound to be present 
with the ammonia. Regardless of this, investigations disclosed the 
feasibility of a wash in which low-pressure live steam was admitted 
directly to the ore, and this proved to be the salvation of the process. 

Steps toward the construction of a plant were taken immediately. 
The first 300-ton unit was put in operation in March, 1916, and this was 
soon increased to a capacity of 800 tons per day. The plant operated 
continuously until 1931, when the collapse of the copper market caused 
the cessation or curtailment of Operations generally. It has been 
described in two articles, both of which appeared in the Engineering and 
Mining Journal, one by H. M. Lawrence in the issue of Nov. 3, 1917, and 
one by the writer in the issue of Dec. 29, 1928. Inthe following pages will 
be recounted the practice current at the time the plant was shut down as 
well as the most important changes made since operations were 


first started. 
CHEMISTRY OF PRoczss 


Aqua ammonia, or an aqueous solution of ammonium carbonate, is the 
lixiviant. Ammonia is purchased in the form of a liquor containing 
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approximately 30 per cent NH;. Large quantities of CO, are absorbed 
by the leach liquors in the process, the CO, content usually being about 20 
per cent greater by weight than that of the NH3. 

The chemistry of the process is simple enough and there is no fouling 
of solution or building up of deleterious salts, as in some of the hydro- 
metallurgical processes. The ore is leached by percolation in the 
usual manner and the copper carbonates go into solution, forming various 
cuprammonium compounds. The enriched copper ammonia solution is 
then withdrawn from the ore and is followed by a weak solution wash, 
which is succeeded by a wash with live steam. The pregnant solution is 
boiled with steam, which drives off the NH; and CO, and precipitates 
the copper as the black oxide. The ammonia is condensed and returned 
to the circuit and the precipitate is filtered from the waste liquor 
and shipped. 


Frerp to LeacHInc PLANT 


As mentioned, before it is sent to the leaching plant the ore is given a 
preliminary treatment in the gravity concentrator; i. e., crushing with 
jaw crushers and Symons crushers and grinding to suitable size in rolls. 
The ore is then screened at 20 mesh, the undersize going to tables and the 
oversize to Hancock jigs. The tailings from the coarse tables and jigs 
comprise the leaching-plant head while the fine sand and slime-table tail- 
ings are treated by flotation. 

Prior to the construction of the flotation plant the company engineers 
developed a method for treating the slime with ammonia in which 
the steam wash would have been applied in pressure filters. The steam 
and ammonia consumption per unit of copper compared favorably with 
that in the existing plant, but slime equipment would have been required 
and the initial plant cost would have been many times that of the flota- 
tion plant. 

The feed to the leaching plant is dewatered to about 5 per cent 
moisture in Esperanzas of the chain and sprocket type, which discharge 
into a storage bin. The ore then travels via bucket elevator and hori- 
zontal chain drag conveyors to the leaching tanks. There are eight tanks, 
each 30 ft. in diameter, four of them taking a charge 15 ft. in depth and 
four a charge of 20 ft. They are of all steel construction, totally enclosed 
and vaportight. A false bottom made of discarded screens from the 
gravity concentrator is placed 4 in. from the tank bottom, on which is 
placed a filtering medium of coco matting and 8-oz. duck. The tanks are 
provided with mechanical excavators, which, when run in reverse, func- 
tion as distributors. The feed is introduced through a door at the center 
of the top of the tank and the leached tailing is discharged through doors 
in the bottom to a system of conveyor belts that carries the leached 


tailings to the dump. 
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LEacuHiInG PRocEsS 


After the tanks are filled with ore the charge is allowed to drain for 
about 24 hr. The drain cocks are then closed and the ‘‘first leach”’ 
solution is pumped in through the bottom. This “first leach” is pumped 
directly from the preceding charge and the ammonia contained therein is 
approximately 60 per cent saturated with copper. As this solution rises 
through the ore bed some of the residual water from the charge collects at 
the top of the rising column of solution. The first of this, containing 
traces of copper and ammonia, is siphoned off to waste and the next few 
inches, containing more ammonia and copper, is sent to the wash storage. 
The first leach is allowed to stand on the ore for about 12 hr. without 
circulation. The solution will then be enriched with copper to about 
three-fourths of the saturation point, or a ratio of NH; to Cu of about 1.3 
to 1, which is the practical limit for good extraction. A portion of the 
solution is then pumped from the charge, and this portion becomes the 
“rich” or pregnant solution and is withdrawn from the leaching circuit for 
evaporation. This rich solution is then replaced by an equal volume 
of a mixture of low-grade make-up solution and enough concentrated 
ammonia from the evaporators to complete the extraction of the copper. 
Fresh ammonia is added if required. The solution or ‘second leach” 
is then circulated for 36 to 48 hr. by downward percolation, then it is 
pumped to the leaching tank containing the next charge of ore, on which it 
becomes the first leach. 

As the second leach is pumped off it is followed immediately by 
24 to 30 tons of wash solution. When the solution level is within a few 
feet of the bottom of the tank low-pressure live steam is admitted to the 
top. Most of the steam condenses on contact with the ore and virtually 
constitutes a hot water wash, which probably accounts for the fact that 
apparently no copper is precipitated during the steam wash. Pumping 
is continued until the charge is heated to the bottom, when the effluent 
is turned to a water-cooled surface condenser on which is maintained a 
low vacuum. Steaming is continued until the effluent has the desired 
NH; content, then the steam is turned off and the tailing is discharged to 
the waste dump. Table 1 gives a typical operating cycle for one charge. 

The effluent solutions are divided in the following order, depending 
on their assay and the plant requirements: (1) second leach off becomes 
first leach next charge; (2) make-up solution ; (3) wash solution. 

The steam for the steam wash is regulated by hand and is held at 
a pressure of 0 to 3 lb. Little trouble is experienced in maintaining the 
pressure within this range, but to prevent a possible vacuum, which would 
pull in the tank top, or an overpressure, which would distort or burst the 
tank, safety devices are provided. For excessive pressure at 7-ft. goose- 
neck of 3-in. pipe full of water is connected to the top of each tank. 
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TaBLe 1.—Typical Operating Cycle for One Charge 


Hours | ‘ Operations ae gee pa: Pee 
Tons Cent Cent Cent 
Q— 12 | Charge 575 tons ore @ 0.94 per cent 
- carbonate Cu, 5 per cent H.0....... 
Pes Dreming. wk Byrd). anhney.alare ; 
24— 32 | Pump to bottom first leach solution....| 192 10.50} 6.30] 12.40 
30— 31 | Siphon from top to waste............ 10 Abe Aye 
31— 32 | Siphon from top to wash storage...... 6 2.00} 1.40 
Sy jesud te dre hiril IQ Ge Vl tins meet ay i eet aR 
44— 46 | Pump from bottom to rich solution 
storagesaaty Daisies, Suhh  aineyae 59 10.32 | 7.85} 12.20 
44— 46 | Pump to top concentrated ammonia. . 23 26.00 22.00 
44— 46 | Pump to top make-up............... 36 4.00 | 2.50; 4.30 
26-29) ‘Cireulation leach. ooo... gsc tars Sim.y sy 
94-102 | Pump from bottom to next charge....| 192 10.50 | 6.30 | 12.40 
295-196") Pump'to' top wash .2 2222). OP. 83! 30 1.50; 1.00 
98-108 | Steam wash, 28 tons steam to top... . 
102-104 | Pump from bottom to make-up 
BLOT OCR ec hed co a A hd be to ie 36 4.00 | 2.50} 4.30 
104-108 | Pump from bottom to wash storage... . 24 1.40] 0.65 
108-120 | Discharge tailing, 0.14 per cent car- 
onate Cus ee Ae eae ee 


This automatically spills at about 3 lb. pressure. The vacuum safety 
gage consists of a steel box with an outlet to the leaching tank. Over 
perforations on its bottom rests a rubber disk held in position laterally by 
a pin through its center. The rubber disk rises at less than 14 in. of 
vacuum and admits air to the tank. These two devices are foolproof and 
have never failed to function, although they are seldom called upon 
to perform. 


EVAPORATORS 


The original stills for evaporating the ‘“‘rich” solution were patterned 
after the column stills for the recovery of ammonia in the byproducts 
industry and were designed to operate continuously, but the formation 
of hard, tenaceous crusts of copper carbonate and oxide on the walls and 
passages of the still sections caused trouble. An excessive amount of 
labor was required to keep them clear and the incessant choking lowered 
their efficiency. Various expedients were tried, such as operating the 
stills in two stages, whereby the temperature at which the bulk of the 
copper was precipitated was under better control, but as the trouble with 
crusts and scale continued the present intermittent type of evaporator, 
similar to the one used in the experimental work, was evolved. This is 
essentially a 16-ft. steel cylinder 10 ft. in diameter with a dome-shaped top 
and a 6-ft. cone on the bottom. Heat was originally applied through 


steam coils, but as the coils soon became 


incrusted with an insulating layer of pre- 
cipitate the steam was turned directly into 


the solution and this ended the trouble 
with scale. 

The evaporators may be operated in 
single, double, triple or quadruple effect. 
For many uyears they were operated in 
double effect but experiments in increasing 
the number of effects were so successful 
that triple or quadruple effect evaporation 
became the accepted practice. When the 
number ‘of effects is increased the per- 
formance of the evaporators approaches 
that of the more efficient column still 
when the latter is functioning properly. 
The consumption of steam drops and the 
grade of the ammonia condensate is higher. 

As the condensed ammonia from the 
evaporators is about two-thirds saturated 
with CO: it must be diluted when the NH; 
content is greater than 18 to 20 per cent, 
in order to prevent ammonium carbonate 
from crystallizing out of solution and 
choking the system. This is done by 
spraying a small amount of weak solution 
into the vapors entering the top of the 
condenser. 

With sufficient tonnage to operate the 
evaporators at anything like capacity the 
best results are obtained with the quad- 
ruple effect. If the tonnage is appreciably 
under this amount the triple effect may be 
more advantageous, because there is less 
loss of heat byradiation. It has been found 
that the capacity per evaporator is approxi- 
mately the same with two, three or four 
effects. This is approximately 26 tons 
per day of solution containing 10 per cent 
NH3. 

In the evaporators the action is as 
follows: As the incoming vapors heat 


Fira. 1.—GEnERAL ASSEMBLY OF AMMONIA EVAPO- 
RATOR AND SALT FILTER. 
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the fresh solution to the boiling point there is the evolution of 
considerable CO2, which passes through the condenser system to a wood 
grid scrubber where it is washed of any NH; and then wasted. Next the 
NH; is driven off with the remainder of the CQ, and the copper precipi- 
tates as the basic carbonate. Steaming continues until the charge on 
first effect has an NH; content of 0.01 per cent, by which time the copper 
will have been converted to the black oxide CuO. This charge is then 
forced by steam pressure through a salt filter, which is directly under 
each evaporator (Fig. 1). The filtrate is passed through settling sumps 
to waste and the precipitate, containing approximately 75 per cent copper, 
is dried by vacuum and shipped. A fresh charge of rich solution is then 
pumped to the evaporator and steam is turned on the next oldest charge, 
and they become last effect and first effect, respectively, of the next cycle. 

The maximum temperatures range from 265° F. on the first effect to 
220° F. on the last. The evaporators are all provided with safety valves 
set to blow off at 40 lb. pressure. At first these were placed on top of the 
dome, where they choked with ammonium carbonate in a very short time. 
Now they are on the side of the cylinder a short distance above the solu- 
tion level and are kept clear with little trouble. 

The vapors from the last effect are passed through two surface con- 
densers in series. Rich solution is employed as the cooling medium 
for the first condenser while the second is cooled with water. In this 
manner the solutions are brought up to a temperature of 180° to 190° F. 
before being charged to the evaporators. Fig. 2 illustrates the arrange- 
ment and method of operating the evaporators on three effects with 
the preheater. 

The condensate goes by gravity from the second condenser to the 
absorber, where it is cooled by means of cold water in lead pipe coils and is 
sent to storage. 

Steam consumption in the evaporators varies from 0.50 to 0.60 tons 
of steam to 1 ton of rich solution, depending on the grade of solution, 
number of effects employed and the rate of capacity at which the evapo- 
rators are operated. As approximately 1 ton of solution is evaporated to 
10 tons of ore, evaporation is one of the costliest steps in the process. 
The consumption of steam per units of ammonia and copper is much less 
with higher grade solutions. Hence it is imperative that dilution 
of the leach liquors be prevented in every way possible, as any excess 
water entering the circuit must be eliminated through the evaporators. 
Therein lies the advantage in making a high-grade ammonia condensate 
and in the use of a small amount of steam wash to wash the leached 
tailing instead of a much greater amount of fresh water. 


IMPORTANCE OF STEAM WASH 


The proper application of the steam wash is the sine qua non in the 
success of the whole process. Without it the Kennecott plant probably 
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could never have operated except in periods of abnormally high copper 
prices. To secure good results the steaming should proceed rapidly and 
uniformly through the bed of ore, which necessarily demands a high 
degree of permeability. If precaution is taken to remove the slime and 
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Fig. 2.—Continued. 2b.—SaAnpD FLOW. 

1. 300-ton storage bin 8. Dragline scraper for tails 
2. 16-in. elevator 9. Hight 2-in. centrifugal pumps 
3. Drag distributors; one 50 ft. long, for-solution 

two 100 ft. long One 4-in. centrifugal pump 
4. Four 575-ton leaching tanks for rich solution 
5. Four 460-ton leaching tanks One 3-in. centrifugal pump for 
6. Two 20-in. conveyors circulating water 
7. 20-in. conveyor 


fine sand there is no trouble with channeling. The efficacy of steam as a 
washing agent may be demonstrated by the fact that 1 ton of steam, 
following the weak solution wash, washes 20 tons of ore without the use 
of any other fresh water. 

As originally developed at Kennecott, the steam was forced through 
the charge at 4 to 5 lb. pressure. The use of a vacuum, an innovation 
borrowed from the Calumet & Hecla plant, shortened the time for the 
steam wash and reduced the steam consumption about 10 per cent. 
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The strength of the leach liquors has been held at various times from . 


6 to 11 per cent NH; (to simplify calculations all solutions are considered 
to have specific gravity of unity) with corresponding grades of rich 
solution of 4.5 to 8 per cent copper. The CO, content of these solutions 
ranges from 7 to 13 per cent. In the last few years greater economy of 
steam in the steam wash and higher grades of the concentrated ammonia 
from the evaporators has enabled the employment of the higher grade 
solution. This makes for a slightly higher ammonia loss but apparently 
has had no effect on the extraction and but little on the steam wash. The 
reduction in steam consumption was considerable. : 


PREVENTION OF CORROSION AND SULFUR IN LIQUOR 


There is little trouble from corrosion and the original equipment that 
comes in contact with the leach liquors shows little evidence of it. The 
hot concentrated ammonia from the evaporators corrodes iron and 
formerly caused some trouble. This was overcome by the use of alumi- 
num tubes and sheets in the condensers and by a concrete lining in the 
storage tank. Failing valves for a long time were a constant source of 
expense and the cause of no little loss. This difficulty was surmounted 
by the use of properly lubricated plug valves at all points where the 
service is severe. 

In the early years of the plant.operation, especially during and after 
the war, delivery of ammonia was uncertain and the cost was high. The 
only ammonia available at that time was from the byproducts plants and 
occasional lots contained a high percentage of sulfur. As the sulfur was 
mostly in the sulfide form, the raw liquor was mixed with the “rich” 
solution going to the evaporators whereby the sulfur was precipitated as 
copper sulfide. There were never enough of the fixed ammonia salts 
present to require any special provision for breaking them up. The 
later development of the process for production of synthetic ammonia 
insured an unlimited supply of high quality at a greatly reduced price. 


CONSUMPTION OF AMMONIA AND STEAM 


The consumption of ammonia and steam varies with the grade of the 
ore, that for ammonia ranging from 0.45 to 0.60 lb. NH; per ton of ore 
leached. During the last two years of operation the lower figure was 
attained. There is but little loss of ammonia by volatilization to the 
atmosphere, as is evidenced by the normally pleasant working conditions 
in the plant. With the evaporators operating anywhere near capacity, 
the steam consumption, including the steam wash, ranges from 210 to 
230 Ib. of steam per ton of ore approximately 55 per cent of the steam 
being used in evaporation and 45 per cent in the steam wash. These 
consumptions are also affected by the prices of ammonia, fuel and copper. 
As these prices do not tend to move in unison, their fluctuations may cause 
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some modifications in procedure with resulting changes in consumption 


of steam and ammonia. 


EXTRACTION AND Costs 


The extraction varies with the leaching time and the size of the feed. 
The extraction curve, however, flattens out when the time runs over 36 
to 48 hr. and the dissolution of copper after that time is extremely slow. 
Although there is little included carbonate mineral and the values are all 
released at a much coarser size than that to which the ore has usually been 
ground, finer grinding accelerates and increases the extraction. The 
upper limit of size has been reduced since the plant started from 13 mm. 
to9mm. Crushing to 7 mm. was tried for a short time with apparently 
excellent results. Screen analyses are given in Table 2. On feed con- 


TaBLE 2.—Screen Analyses 


Head Tail 
Size ] 
Weight, Carbonate Cu, Weight, Carbonate Cu, 
Per Cent Per Cent Per Cent Per Cent 
Ones Oennant! Miners 1.62 0.46 5 in 0.09 
Onan 6 amin en oh cle A 23.20 0.54 18.80 0.10 
0 A) ee a eae 26.06 0.78 26.40 0.11 
Chie MMos re ee os 22.54 0.87 25.80 0.09 
Om DO" mMesie=s. so eee 10.72 1.47 11.64 0.10 
OmFG5 meshou. sLeeEe . 12.22 1.54 12.08 0.26 
Ons200;meshewte......% ae. 2.70 levies 2.62 0.47 
= ZOO ures te eee ace 0.94 2.00 1.54 0.76 
SOUS eter tea vate ae eee nos 100.00 0.94 100.00 0.14 


taining 0.90 per cent carbonate copper the average results shown in 
Table 3 have been secured, grinding at various sizes, with approximately 
the same leaching time. The consumption of steam for washing is 
affected very little by the finer feed provided the slime and finer sands are 
removed. The density of the feed is perceptibly less with finer grinding. 


TaBLe 3.—Average Extraction 


CARBONATE COPPER IN CARBONATE COPPER IN 


EXTRACTION, Par Cent 


Sizz, Mm. Hap, Par Cent Tarn, Par Crnr 
13 0.90 0.22 75.9 
1 0.90 0.18 80.4 
9 0.90 0.14 84.8 
Uf 0.90 Opt 88.1 


The costs given in Table 4 were made when the plant was treating 
19,000 tons of ore per month containing 0.92 per cent carbonate copper. 
During the past few years of operations, owing to general economic 
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way, Be extends 196 miles Pattee aniats on ne William Soun 3 
the interior of Alaska. Railroading in this region is expensive and he 
high cost of rail transportation, coupled with a long water haul, makes the 


a cost of supplies abnormally high. ) timil r9qqu 
~ TaBLE 4.—Cost of pay 19,000 Tons of Ore per Month —— 
' Cost per Ton 

’ Operating Ta DOR cies asnaians oan Welsae she oe Re eee ed ee $0.080 
Ammonia >... 2... qukareli Gein a a ee 0.135 
POW6D arrive ss bie td epi ecrieatinarelin once Sn aa meister Ngee) OUG 
Steamisho.,, S06. LA. RR a ee ee ae 0.224 
Repairs, laborsscwr dsm tpn. wet Gemegea ee eh eee 0.017 | 
Repairs, supplies 4...) avst.ateelee hs «eee a oe ee 0.040 i 
Miscellaneous. <0. «sac 4 cdg a oe eee 0.021 ; 
Sacking and loading pretipitate...-.....2- 1s ce ee eee oe 0.034 
Total! . 1). Sees sr. eee Bt Sa eco Eee eee Re) Se 0.570 


A Brief Description of the Reduction Plant of the Chile 
Exploration Company at Chuquicamata, Chile, S.A. 


By T. C. CampsBety,* CHuquicaMATa, CHILE 


CopPEr is extracted from the Chuquicamata oxide ore by a hydro- 
metallurgical process. The ore is crushed to 3£-in. sizing, and leached 
with a sulfuric acid electrolyte. Chlorine is precipitated and the ferric 
iron reduced in the enriched electrolyte, after which the copper is 
recovered by electrolysis with insoluble Chilex and lead-antimony anodes, 
the spent electrolyte being returned to leaching. Cathodes are melted 
and refined in market furnaces and cast into commercial wire-bar and 
cake shapes. Sulfuric acid for the process is supplied by the brochantite 
in the ore. Water for washing the ore is advanced through the solution 
system and finally after cutting by electrolysis to from 6 to 16.0 grams per 
liter is completely stripped by the cuprous chloride method and run to 
waste. The cuprous chloride so obtained plus that resulting from pre- 
cipitation of chlorine from strong solution is dissolved in ferrous chloride 
brine and the copper cemented on scrap iron. The cement so obtained is 
in part used to reduce ferric iron in electrolyte, and as it is of exceptional 
purity is also furnace refined and cast into an exceptional quality of fire- 
refined copper. Fig. 1 is flow sheet of the operation. 

The reduction plant is composed of seven divisions as follows: (1) 
crushing, (2) leaching, (3) tailings disposal, (4) dechloridizing, (5) 
sulfur dioxide treatment, (6) electrolytic tank house, (7) smelting and 


“melting. A brief description of each of these divisions will be given. 


CRUSHING 


Ore that is frequently blocky and up to 5 ft. in section is crushed in 
four stages to 3g-in. mesh. The first stage of crushing is called primary 
and the next three stages are known as secondary crushing. The first 
stage is accomplished with two 60-in. Superior McCully gyratory breakers 
by which the ore is broken to 9in. The second coarse gyratory breakers 
crush the ore to 3-in. sizing. There are seven No. 10 McCully gyratories 
in this service, for one of which recently has been substituted a No. 7 
cone crusher. The third and fourth stages of crushing are accomplished 
by fifty 48-in. disk crushers. In the third stage 14 disk crushers break 
the ore to 1 in., and in the last stage 36 disk crushers turn out the final 
product of 0.371-in. sizing. Reference to the flow sheets of Figs. 2 and 3 
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will show the digenbuation of this equipment in the new and old ‘nate, ; 


of the ore, however, actually passes through the crushers of allfourstages. 


| 
_ The ore is dry and hard and crushes cleanly. A very large percentage ‘a | 
| 


ORE CARS TO MINE 

=] ORE CARS FROM MINE 

PRIMARY CRUSHING 
PLANT 


OLD SECONDARY 


NEW SECONDARY "T , 
CRUSHING PLANT 


CRUSHING PLANT 


rs os 

CRUSHING ae SOE Or 
PLANT 

8-48" HORIZONTAL DISK CRUSHERS 


6-48" VERTICAL DISK CRUSHERS 
24-48 VERTICAL DISK CRUSHERS 


o v4 oe eeesaeees, ‘ J. 12-48" VERTICAL DISK CRUSHERS 
CRUSHING PLANT: Yoneanc’ 2 a a 7 ‘CRUSHING PLANT 


SPENT ELECTROLYTE. w ae TREATMENT AND ADVANCE SOLUTIONS 


NG! No.2, WASHES , 
SLAG C) CARGULATING[ WATER y 
fis eee tL EA CoH INS { 


mmo rowasre? “Tage J TY 


LEACHING 
PLANT 


Be te ae 
Bes eon 


6 
ii RC ) FeClz OR BRINE. SOLUTION ) OR BRINE. > aA 


DECHLORIDIZING 
PLANT 


a 
OM.ST/ ETS | = 
ere E PhSb ANODES| 
ConneRciat Sowion cos rn Soe : 


O=-— ‘ 
i 2 
SOLUBLE COPPER ANODES | START ———] SHEET + 
[oe BLANKS. OLUTION fal = f 
SOLUBLE COPPE ‘STARTIN 
DE SCRAP | SLIMES S| : 


COARSE. [4 FILTER AND. 
DRYING TANKS| 
UNWASHED CEMENT | PTR a 
COMMERCIAL Ss PbSb MSs 
O ee 
oo 
Pome [suose ]e £Erue ee 
SECOND)STAGE aT ASTRO YTE boosie] a —— ee 
PLATIN 


PLATED DOWN DISCARD ae == Ue 


INSOLUBLE CHILEX ANODES 
AND STARTING. SHEETS 


SLAG 
GANGE 
CAPHODES, Bie 

SMELTER new, [POWELE TE 

Ie. NEIAC Wancsuel 9 

ers | | 400T0N 400 TON 160 TON aust JON] Anove btcrye Dee 

IGS MARKET Furnace] {MARKET FURNACE] MARKET FURNACE] Pane Rog wac ANODE AST | PLANT | anopes | anooes 
ELECTROLYTIC ee ELECTROLYTIC eae FURNACE | eet NACE 


jt tf _.2 a 
METS ANODES 
SLAG 
ath COARSE BREAKING. ra] : 


Ye REM.COARSE METS _[ 


COMMERCIAL ELECTROLYTIC COMMERCIAL FIRE 
SHAPES REFINED SHAPES 


Fie, 1—GENERAL FLOW SHEET OF REDUCTION PROCESS, 1933. 


Primary Crushers 


A new primary crushing plant was completed in 1928 (Figs. 4 and 5). 
All of the ore crushed today passes through this plant. The building 
is 122 by 72 by 154 ft. high, of which 52 ft. is below ground and 102 ft. | 
above ground level. There are five main concrete floor levels as follows: | 
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4 (1) main working floor, (2) crusher motor floor, (3) eccentric floor, (4) 


pan feeder floor, (5) conveyor floor. 

The two 60-in. gyratory breakers are set below the floor level of the 
main working floor. Above each crusher is a 105-ton, 30-ft. revolving 
cardumper. These dumpers are coupled in tandem and may be operated 
together or independently. Above the dumpers is a 100-ton traveling 
crane, and in the roof of the building is the dumper control house with 
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Fic. 2.—FLow SHEET OF EAST CRUSHING PLANT. 


glass bottom floor. A 20-ton traveling crane at the level of the car 
dumper floor handles the lighter crusher parts and is used also to break 
chokes in the gyratories. In front of each crusher there are removable 
floor sections in the main floor and all floors below through which eccen- 
trics, motors, and other large parts may be removed by the overhead 
cranes. Small jib cranes are located at strategic points throughout. A 
5-ton freight elevator handles lighter materials for the lower floors. 
Lubrication for the two crushers is supplied from a central station at 
constant pressure. Cooling equipment is installed to control the oil 
temperature, which is also recorded. Automatic equipment is installed 
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to cut out the gyratory motors when flow of oil falls below a minimum 
rate. Solids in the oil are maintained below 1 per cent by bypassing to a 
central oil-cleaning plant, which serves the secondary plants as well and 
will be described further on. 

Controls for motors driving the conveyors from the primary to the 
shuttle conveyors located on the secondary ore bins as well as the car 
dumpers and pan feeders are interlocked through Cutler-Hammer centrif- 


Fic. 5.—SYMONS HOUSE OF NEW CRUSHING PLANT. 


ugal switches on the pulley or drive shafts of this equipment. The 
entire equipment in this section may therefore be stopped simultaneously 
from any station in the section, a feature that obviates spills. All 
motors are of the totally enclosed dustproof type and are ventilated with 
conditioned air from a central station. The building is evacuated by a 
dust-collecting system, which serves the secondary plants as well and 
will be described separately. The pusher locomotives, car dumpers, 
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pan feeders, conveyors and other equipment in the primary plant are 


driven by direct-current motors, power for which is supplied from an 
adjacent substation, which also houses the compressors supplying air 
throughout the crushing plant. 

Ore is delivered from the mine by electric locomotives in trains of ten 
70-ton steel gondola cars to the highline of the primary crusher. This 
yard contains over 5000 ft. of track of 5614-in. gage and will accommodate 
100 cars. Between pairs of ore-car tracks is a third standard-gage track 
upon which operate three pusher electric locomotives, which are used 
to advance the cars two at a time from the yard on to the revolving 
dumper. These locomotives are equipped with a cast-steel pusher 
arm mounted on the forward platform, operated by air and 


Fic. 6.—ORE CARS ENTERING DUMPERS. 


movable through an angle of 180° in order that cars on either side of the 
locomotive may be engaged. They are designed for slow speed forward 
and rapid reverse speed. Power is carried to these locomotives through 
third rail and at the crossovers at the yard head by catenary. 

Before entering the dumpers the cars pass over a Fairbanks scale 
with Streeter-Amet automatic weighing attachment. Tare weights of 
cars are determined at intervals and the highline figures are used to check 
the conveyor weightometer recordings. As the cars enter the dumpers 
(Fig. 6) the empties are pushed out on to a switchback and roll by gravity 
into a lower yard, where they are made up into trains for return to 
the mine, 

Each dumper delivers to a manganese steel covered grizzly 19 ft. long 
by 30 ft. wide with 4-in. openings at top and 8-in. at bottom, and set at 
angle of 33°. The sides and back of the grizzly chutes are lined with 
100-Ib. rail set on rubber padding. The upper ends of the grizzly bars 
are turned down into the ore pad to prevent large rocks from becoming 
embedded and hung up on the points of the grizzly bars. The oversize 
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ore is crushed by two 60-in. Superior McCully double discharge gyratories. 
These crushers are of unusually heavy design and are constructed of 
cast and forged steel. Because of the severe service, very ample eccentric 
bearing area is provided and the eccentrics are babbitted throughout. 
Built-in hydraulic jacks are used to lower the eccentric for inspection or 
removal. These jacks are operated from a fixed cylinder type of hydrau- 
lic accumulator served by a Rumsey Triplex pump operating at 400 lb. 
per sq. in. The jack lowers the eccentric on to a car, which can be 
rolled into position under the removable floor sections referred to, 
where it can be reached by crane. The eccentrics of these large crushers 
can be removed or installed in a shorter time than is required for a 
similar operation with the No. 10 gyratories. Each crusher is direct- 
driven through flexible couplings by a 500-hp. slip-ring induction motor 
controlled by automatic starting equipment. 

The crushed ore of 9-in. sizing and the undersize from the grizzlies 
pass to three bins. The two outside bins take the discharge respec- 
tively from one side of each of the crushers and one-fourth of the dis- 
charge from each of the two undersize grizzly bins. The middle bin 
takes the discharge from the inner side of each gyratory and also takes 
one-half of the discharge from each of the undersize bins. These bins 
are equipped with shut-off gates operated from the accumulator, by 
means of which the feeders may be isolated for inspection or repair. 

The three bins are served by three 72-in. pan feeders 34 ft. long and 
driven in either direction through Nuttall speed reducers and 30-hp. d.c. 
motors. These feeders are of the enclosed type and each has a capacity 
of 2000 tons per hour delivering to two 60-in. conveyors, one on either 
end of the feeders that carry the ore to the ground level, one to the east 
and the other to the west of the primary crusher building. When oper- 
ating the two crushers simultaneously, the center bin and feeder take 
approximately one-half of the load and the other two the other half. As 
the feeders are of the same capacity, this difference in load is taken care of 
by variation of the feeder speed. From a practical standpoint the load 
per feeder is varied, being distributed in whatever proportion is required 
as determined by the condition of the bins of the secondary plants. 
Operation in this manner is made possible by the generous overcapacity 
of the feeders. Fines and dust from the pan feeders drop to three hoppers 
serviced by three 36-in. conveyors driven off the feeder sprocket. These 
conveyors deliver to the two 60-in. conveyors mentioned. At ground level 
the drive end of these conveyors terminates in two junction houses, 
where the ore is picked up by conveyors that carry it to the bins of the 
new and old secondary plants. 

This primary crushing plant has a capacity of 70 cars of 70 tons each 
per operating hour. Secondary bin capacity is small in relation to plant 
capacity, and no other storage isemployed. The bin capacity is sufficient 


_ 


a 
566 REDUCTION PLANT OF CHILE EXPLORATION COMPANY 


to take up the small difference in capacity between the primary and 

secondary sections of the crushing plant, and the bins may therefore be 
idered only as buffers. 

pireeries raat at full production operate 16 hr. on two shifts per day, 

the third shift being used for clean-up and for maintenance of equipment. 

The working shifts for the primary and secondary plants are staggered a 

few hours. 


sat 


Fia. 7.—SECONDARY GYRATORIES OF NEW PLANT, 7-IN. CONE CRUSHER IN FOREGROUND. 
NOTE DIFFERENCE IN FEEDER DESIGN. 


Secondary Crushers (New Plant) 


The ore of 9-in. sizing is delivered by shuttle conveyor to three silo 
type ore bins of reinforced concrete construction and lined with worn 
conveyor belting. There are three crushing sections in the new secondary 
plant, each serviced by a separate storage bin and composed of one 
No. 10 McCully gyratory crusher or one No. 7 cone crusher, two 48-in. 
vertical coarse disk crushers and four 48-in. vertical fine disk crushers 
(Fig. 7). This layout is somewhat different from that in the old plant, 
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where there are four crushing sections serviced by a steel and timber 
construction, concrete-lined, 13,000-ton ore bin, with 30 feeders and four 
main and three shuttle conveyors arranged for flexible drawing of the 
ore. Hach section in this plant is composed of one No. 10 McCully 
gyratory, two 48-in. horizontal disk crushers and six vertical disk crushers. 

Three 72-in. pan feeders are located under the new plant bins and 
deliver ore directly to the secondary breakers. The pan feeders are 
truck-mounted and may be moved clear of the bins for repairs. They 
are driven through speed reducers and fast flexible couplings by three 
totally enclosed shunt-wound d.c. motors of 15 hp. each. Each pan 
feeder discharges on to an 11 by 6-ft. grizzly with manganese steel bars 
spaced 114 in. at the top and 214 in. at the bottom. Two sections of 
this plant are equipped with No. 10 McCully gyratories and the third 
with a No. 7 cone crusher. The feeder for this latter type must be 
arranged somewhat differently and as a result the crusher is not as 
accessible for repairs as are the gyratories. 

The undersize from each grizzly and the gyratory discharge of 3-in. 
sizing drops to a 36-in. inclined conveyor, which carries the ore to the 
disk crushers building. Electromagnets hung over these conveyors 
remove magnetic tramp iron. Each conveyor discharges to a splitter 
box from which the ore is taken by two chutes equipped with stationary 
cast manganese steel screens with l-in. openings. The oversize from 
each chute passes to a 48-in. vertical coarse disk crusher, which makes a 
l-in. product. The discharge from each crusher plus the screen under- 
size passes by gravity chutes to a splitter box. Two chutes equipped with 
manganese screens with 13¢-in. diameter openings take the ore from 
each splitter box and deliver the oversize to the 48-in. vertical disk final 
fine crushers. The product of these machines of 3¢-in. sizing is joined 
by the screen undersize and drops to a 48-in. underground conveyor. 
This conveyor carries the ore to an underground junction station, where it 
is transferred to another conveyor by which it is carried overground and 
to the top of the sample tower. En route collected dust is picked up and 
the conveyor passes over a Merrick weightometer. 

Data on crushing are shown in Table 1. 

In the sampling tower a bucket cutter just beyond the head of the 
conveyor takes a 42-ton sample per 1000 tons from the ore stream. 
Rolls in the tower crush this to 1 in., after which it is cut down on a 
slotted belt sampler, the reject joining the main ore stream. The sample 
is then sacked and transferred to the sampling division, where it is 
further milled, cut down and prepared as a pulp sample for assaying. 

The ore after leaving the sampling tower is deposited on a 60-in. 
conveyor 1257 ft. long center to center, which parallels the seven east 
leaching vats. This conveyor runs over the head pulley of a traveling 
loading bridge, which spans the vats and is transferred to the lateral 


discharged into the vat below. A similar sampling tower, conveyors, — a 


and loading bridge serve the old crushing plant and six leaching vats to 
the west. The two towers are connected by a 48-in. conveyor so that 


ore from the old plant may be routed to the east vats. Data on conveyor — 


belts are shown in Table 2. 

All drives in the new plant are direct through speed reducers by totally 
enclosed motors ventilated with conditioned air from a central air-washing 
plant. Conveyor and feeder motors are direct current and are inter- 
locked from the loading bridge to the pan feeders through rotary switches 
in the same manner as described for the primary plant. Variable-speed 
conveyors and feeders are highly satisfactory, contributing immensely 
to the flexibility of the plant. 


TaBLE 1.—Crushing Data 


Primary crushers capacity, short ton per operating hour: - 


MANIMUIMNA |; . aeaeaas a ke See ee eee 6100 

Wy fs) C214: ee ee eerie eee ois As. Be: Sate. cite mic MOK ic 3300 
Secondary crushers capacity, short ton per operating hour: 

east plamtecs cca. seis cts > Re eee ee ae 1200 

west plants) 2657 se ae, Benne Se ne eee 1900 
Power consumption, all equipment primary crushers, kw-hr. per 

shOrtubOm gy she Tc eclece vecygeaceens sober i ee ee 0.30 
Power consumption, all equipment secondary crushers, kw-hr. per 

BOLE LOM Sd sou, se aBeers ets uci pratt re ee 1.25 
Moisture. Ores per Gentirscacc: .wtee cree es rene eee eee ee 1.50 


The lubricating oil for the crushing machinery is supplied from a 
central constant-pressure system with sight feeds. Oils are shunted to 
the cleaning plant to remove solids. The oil-cleaning plant is located 
conveniently to both the old and new plants and handles oils for both. 
It is housed in a dustproof and fireproof steel and concrete building of two 
floors. Heaters on the upper floor bring the oils to proper temperature, 
after which gross solids are removed in a slow-speed bulk centrifuge 
similar to the type used in sugar refineries. The finer solids are then 
removed in a battery of high-speed centrifuges, after which the clean oil is 
returned to the plant head tanks. Electrical control equipment is isolated 
from the centrifuge room and the air in the building is conditioned in 
order to minimize fire risk. It is hardly necessary to say that this oil- 
cleaning plant is a very profitable investment. 

The new secondary plant as well as the old plant and the primary plant 
are serviced by a dust-collecting system (Fig. 8) and the collected dust is 
reclaimed in a reclamation plant. The ore as it is received from the 
mine carries but 1.5 per cent moisture and because of the soluble sulfates 
_ of copper contained cannot be moistened to lessen dusting. Although 
dusting is not excessive, there is sufficient to warrant its collection. The 
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dust plant consists of 11 blowers with a total capacity of 130,000 cu. ft. 
_ per minute, and a system of flues by which dust is picked up at the 
discharge chute of the machines and other vital points. The ducts are 
of steel incased in masonry, located underground, and lined with rubber at 


TABLE 2.—Conveyor-belt Data 


EPereres Hise dled, 
1 9 
3 9 
17 9 
18 9 
19 9 
20 9 
4 9 
4-A 9 
4-B 9 
+s 4-C 9 
2 a 
a 6 9 
3 7 3 
7-A 3 
p 8 3 
4 9 3 
10 Vat feed 
11 Vat feed 
12 Vat feed 
13 Vat feed 
14 Vat feed 
15 Vat feed 
16 Vat feed 
22 3 
23 3 
24 3 
26 Vat feed 
27 Vat feed 
28 Dust 
29 Dust 
Loading bridge | Vat feed 
No. 1 
Loading bridge | Vat feed 
No. 2 


Width 
Belt, 
In. 


Length Center 


Number of | to Center of Horse- Speed, 
Plies Head and Tail power R.p.m. 
Pulleys 

10 262’ 300 590 
12 184’ 100 - 565 

12 400’ 10” 150-300 315-630 

12 427’ 4” 150-300 250-500 

12 342’ 6” 150-300 250-500 
12 45’ 40 510 
10 300’ 40 395 
12 146’ 30 354 
12 13’ 15 343 
8 329’ 40 329 
10 243’ 40 395 
8 385’ 40 423 
8 195’ 50 333 
10 203’ 40 333 
12 167’ 40 333 
8 159’ 50 377 
8and 12] 161’ 40 436 
8 163’ 50 500 
8 163’ 50 383 
10 aval 120 452 

12 1257’ 300(2) 270/540 
10 272’ 6” 150 362 
12 and 14] 1019’ 175 457 

8 Lsvaoy 50 300 max. 

8 a Rel Pela ity 50 300 max. 

8 CS eG 50 300 max. 
10 347’ 6” 150 375 
10 295’ 3” 150 375 
6 38/ 4 101 
6 266’ 4 101 
12 140’ 6” 75 359 
10 131’ 75 538 


necessary locations. With all fans running 130,000 cu. ft. per minute of 
dust-laden air is delivered to seven cyclones, where the coarse dust drops 
out and is discharged continuously from the cyclone to a screw conveyor. 
After leaving the cyclones the dust enters seven baffled dust chambers 
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with hopper bases equipped with seven screw conveyors to pick up the : - | 
settled dust which joins that from the cyclones. The chambers dis- 


charge to a 16 by 16-ft. flue in which there is a five-unit Cottrell precipi- 
tator, where the finest of the dust is recovered. All dust is moistened in a 
pug mill and is discharged on to the ore conveyors from either of the two 
secondary plants. Total recovery of dust is approximately 99 per cent 
and the tonnage at full production is 250 metric tons per day of 4 per cent 
grade. The operation more than pays for itself and of course results in 
much better working conditions for men and equipment. 


Fig. 8.—DUSsT-cOLLECTING PLANT. 


The crushed ore screens as follows: 


THROUGH ON Perr CrEntT 
0.371 10 
0.371 0.093 56 
0.093 0.0232 19 
0.0232 0.0058 10 
0.0058 0.0029 5 
0.0029 2 


This represents ore at the sample towers to which collected dust has 
been added. The screen characteristics are very well adapted to percola- 
tion leaching, the fines and oversize representing a comparatively small 
proportion of the ore, which ranges within the limits where best and 
fastest extraction is obtained. No doubt this excellent sizing is in part 
due to the character of the rock, although the type of crushers used is an 
important factor. It has been our experience that the centrifugal 
discharge machines have distinct advantages over the gravity discharge 
for the crushing of ore that is to be leached by percolation. For this 
reason we do not find cone crushers suitable in the final stages of crushing, 
although they have distinct advantages over the gyratory with con- 
ventional bowl and liner design. 

All chutes in the plant are of sheet steel lined with manganese wearing 
plates, which are a decided improvement: over wood chutes, especially 
with hard ore. The hardness of Chuquicamata ore may be gaged 
from the fact that 13.7 lb. of manganese steel is worn from disks per 
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1000 short tons of orecrushed. Almost all manganese steel wearing parts 
both for the crushers and for the mine, are cast in our own shops. 

All conveyors are inspected daily and defects are repaired with portable 
vulcanizing equipment. The dry climate and strong sunlight at Chu- 
quicamata provide a severe test for conveyors that cannot be sheltered. 
A somewhat softer cover is required here than on indoor or shaded belts. 
Conveyor and transmission belting is stored in an underground air- 
conditioned room in the primary crushing plant, where stocks are carried 
with safety. 

Tramp iron of small size is taken care of by the magnets, and large 
pieces, such as drill casing, are guarded against by payment of bonuses 
both at mine and plant for detection. The maintenance of crushing 
machinery is highly organized, and delays due to breakdowns are rare. 
One shift per day is used for repairs, the plant operating the other 16 hr. 
or as required. . 


? 


Fig. 9.—LEACHING VATS, LOOKING BAST. 
Solution sumps and crushing plant may be seen in background. 


LEACHING PLANT 
Equipment 


The ore is leached in 13 leaching vats, each of approximately 11,500 
short tons net capacity. These vats are arranged in two units, one 
containing seven vats placed to the east, and the other of six vats to the 
west of the crushing plants (Figs.9 and 10). Each unit is served by one 
loading and two excavating bridges of the gantry type, the latter spanning 
the former. Two main loading conveyors run the length of the north 
side of the two vat units and four tailings trains operate on the south side, 
taking the discharge from the four excavating bridges. Each vat is 
150 ft. long by 110 ft. wide by 1614 to 1814 ft. deep to the top of the filter 
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bottom. Vats are constructed in blocks of three or four of reinforced 
concrete and are set on piers to facilitate inspection of the vat bottom. A 
mastic sand mixture is used to line the vats for protection from acid. 
This mastic is reinforced with expanded metal tied to the side walls and 
bottoms. The linings are 4 in. thick and are cast in place on the walls, 
using collapsible metal forms. Mastic linings are cheap and effective. 
Repairs are easily effected and worn or broken linings can be completely 
recovered by remelting. Protection from sun is essential to long 
life, however. 

The vats are equipped with filter bottoms constructed as follows: 
A false bottom is laid on the mastic floor of the vat, composed of 6 by 
6-in. pine 6 ft. long laid end to end 18 in. apart, the ends being beveled to 
allow passage of solution. Across these are laid 2 by 6-in. pine planks set 
}4 in. apart. In this false bottom are left eight spaces 10 ft. square for 
draining the vat. Into these spaces are inserted pre-built filter units 
composed of 4 by 6-in. timbers set 12 in. apart, across which are laid 2 by 
6-in. planks 3 in. apart. Over this is laid coco matting, and on the mat- 
ting in reverse direction to the lower planks are laid more 2 by 6-in. planks 
34 in. apart. This bottom will drain up to 1500 cubic meters per hour 
through average ore, and is cleaner and more accessible for repair than 
the conventional type of filter bottom in which the entire vat bottom is of 
filter construction. Leaching records show no difference in extraction 
from vats equipped with the two types of bottoms. The filters are laid 
down with the top layer of 2 by 6-in. timber parallel to the closing move- 
ment of the excavating buckets. In the excavating operation a small 
tonnage of tailings is customarily left on the filter, and these two practices 
greatly extend filter-bottom life, so that but with occasional minor repairs 
it is usual for a bottom to last eight years. The filters are kept clean by 
running the first covering solution for each ore charge on to the vat 
through the bottom. 

Twenty-five solution sumps placed to the north of and parallel to the 
ore vats and four auxiliary storage sumps located beyond the dechloridiz- 
ing plant serve the leaching vats. The total capacity of these sumps is 
75,000 cu. m. They are placed on higher ground than the vats and 
solutions are run from them by gravity. Their construction is similar 
but somewhat lighter than that of the leaching vats. The sumps are 
used for transient storage of treatment advance and wash solutions and as 
buffer tanks for spent and strong electrolyte. 

The sump capacity may seem excessive but it is a necessary feature 
of the batch type of leaching, and together with the vats provides a 
tremendous copper-storage capacity for emergencies. The large solution- 
storage capacity serves also to suppress variations in acid and impurity 
content of the electrolyte even over extended periods of variation in the 
ore in respect to these two. 


if 
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Volume measurements in the sumps are taken by means of indicators 


composed of a counterweighted float protected from surge. The acid- 
proof line from the float to the counterweight carries an arrow and passes 
over a horizontal frame on which is bolted a copper strip 12 ft. long 
graduated in cubic meters and in feet. This indicator is converted to a 
recorder by using a milled soft iron counterweight, the vertical movement 
of which is reduced in reference to that of the float by pulleys, and which 
travels in asolenoid. The variations in induction are calibrated in feet of 
depth, or cubic meters, and are recorded on a circular chart. 

When solution is run from sumps to the top of a vat, displacing 
solution withdrawn from the bottom and pumped to other sumps, the 
rates of flow are synchronized by an adjustable level marker fixed on the 
vat wall and protected from surge and wind. Throughout the operation 
the level of solution in the vat is maintained the same with regard to the 
fixed position of the marker. 

Solutions are carried throughout the plant in wood-stave pipe lines. 
These lines are of the discontinuous type and are made up in 17-ft. 
“lengths. Sections are coupled with wood-stave couplers and many 
sections terminate in cast-iron bell flanges to which the cast-iron fittings 
are bolted. Pipe is milled and made in our shops from selected Oregon 
pine and Douglas fir. The staves are assembled with mastic joints and 
steel hoop bolts with malleable-iron shoes. Pipe fittings are of cast iron 
mastic-lined, utilizing collapsible forms, although today we are gradually 
changing to hard lead linings, similarly placed in the cast-iron shell. 
Four sizes of pipe are in use; 8-in., 12-in., 15-in. and 24-in., depending 
upon the service. There are in the leaching plant and tank house pipe- 
line system 68,865 ft. of pipe with 885 valves and 2090 elbows and tees. 
Wood-stave pipe is the best material we know of for pressure lines required 
to resist the attack, when air is not present, of a sulfuric acid electrolyte 
containing ferric iron, chloride and over 1.0 per cent of nitric acid. The 
success of wood-stave pipe in acid service is based on the prevention of 
leaks which subsequently concentrate in the sun and char the wood from 
the outside. We find practically no corrosion in the interior of pipes that 
have failed thoroughly on the outside. The prevention of leaks is 
largely concerned with accurate turning of butts and couplers, accuracy 
in fitting flanges and careful assembly in the field. Every line is pitched 
to drain at one or two points and the end flanges are fitted with a 2-in. 
vent valve, which is opened to prevent collapse before a line is drained for 
repairs. Four main groups of solution lines run parallel to the vats and 
sumps, one on the lower, another on the upper side of the vats, and two 
more on the lower side of the sumps. These lines are connected to two 
pump houses, one to the west of the first ore vat and the other between the 
sixth and seventh vats south of the sample towers. The gravity lines 
are connected with four crossover lines passing between the two blocks 
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of the vat units on both the east and west side. The installed pipe is 


in excess of actual requirements in order to obtain flexibility and to 
facilitate repairs. The average life of wood-stave pipe in acid service in 
pressure lines is 514 years. 

Solutions are handled by nineteen 15-in. and four 9-in. vertical cen- 
trifugal pumps with hard lead-covered runners, casings and boots. The 
intake of these pumps is connected to mastic-lined reinforced concrete 
sumps equipped with cast-lead screens. These sumps act as traps for 
tailings that may be carried through the filter bottom and down the pipe 
lines if the filter is broken by the excavating bucket. This type of pump 
is reliable but its efficiency is surpassed, of course, by the horizontal 
centrifugal pump. As high as 250,000 cu. m. is pumped daily against 
a 70-ft. equivalent head, and operating delays due to pump failure are 
very rare. 

Automatic sampling devices are attached to the pump sumps and 
every solution produced from the vats is sampled by these devices. A 
relatively large sample is taken, cut down and deposited in a cool, covered 
wooden tank. The samples are extremely accurate, because the pumping 
rate is uniform. 


Operation 


The method of leaching may be termed the batch percolation system 
in distinction to the counter-current percolation system in use elsewhere. 
Extraction is superior with the counter-current system but the batch 
system is the more flexible of the two. 

The ore is loaded either into solution or into a dry vat, depending 
upon the relation of the time of ore loading to the time of production of 
the treatment solution coming from another vat. We do not find any 


‘difference in extraction between loading into solution or into a dry vat. 


The ore is not bedded but is loaded in one operation from the bottom to 
the top before the bridge is advanced. Deposition on the filter of wind- 
blown fines from the ore stream is avoided by advancing the loading 


- bridge into the prevailing wind. Curtains suspended from the bridge 


shield the stream from the wind as much as possible. After loading 
the ore is leveled by hand and the fines on the surface of the ore are turned 
in. Slime pockets are avoided by this simple operation. After leveling 
is finished the remainder of the treatment or covering solution is run on 
through the bottom and the ore is submerged to the marker level. 
Approximately 3500 cu. m. of solution is required to submerge 
10,000 metric tons of average ore containing 1.5 per cent of moisture. 
Of this volume 750 cu. m. is absorbed and 2750 cu. m. is drainable. 

After submergence the ore is allowed to soak in the treatment solution 
from 8 to 24 hr., then the production of first strong solution is started 
with a solution called first advance going on the top. This solution is 


576 


produced to a cutoff limit and its volume varies from 3000 to 6000 cu. m., 7 


depending upon the ore grade. Following the production of the first 
strong solution, a second soaking period ensues, which varies from 24 to 
72 hr., after which the production of second strong solution is started 
with a solution called second advance going on top. This second strong 
solution is likewise produced to a cutoff limit and its volume varies 
within practically the same limits as that of the first strong solution. A 
third soak of variable duration then follows, after which first advance 
solution is produced with the volume advance and spent electrolyte going 
ontop. This first advance is produced to a volume somewhat less than 
the volume of the first strong previously produced. A fourth soak 
follows when second advance is produced with spent electrolyte going 
on top. The fifth and final soak then follows, after which the washing 
process starts. Six washes of decreasing copper grade from 9 to 1 grams 
per liter followed by fresh water are put on top of the vat successively and 
treatment or covering solution, volume advance the six washes and vol- 
ume discard are produced in that order. The vat is then drained for at 
least 4 hr., after which it is ready for excavation. 

The amount of the volume advance solution produced is determined 
by the acid gained from the ore and is adjusted from time to time to suit. 
This volume is equal to the volume of primary spent electrolyte stripped 
and wasted plus the volume of evaporation taking place throughout the 
primary solution system. The volume discard solution is produced at 
the end of washing and is made to increase the ore-washing efficiency 
and to provide a slightly acid solution for washing of cement copper to 
be used in dechloridizing. 

The first strong solution from one vat and the second strong solution 
from another vat are produced simultaneously. The strongs in this way 
are thoroughly blended, resulting in a uniform grade for the tank house. 
The operation is a compact one and has proved out well in practice. The 
inclusion of two advance solutions in the leaching process represents a 
concession to the practice employed in the efficient counter-current 
system of leaching. Leaching operations are scheduled on a time chart 
days in advance. This chart system of control prevents conflicts and 
gives the supervision a very close grasp of operations. Ninety-six hours 
is the minimum cycle for good operation. The cycle increases, of course, 
with lower ore tonnage. The plant is capable of handling a maximum 
of 1,400,000 short tons of ore per month and is thus quite well synchron- 
ized with crushing capacity. 

The oxide ore is composed of a highly altered granite containing vein- 
lets of as well as disseminated brochantite and other minor oxide minerals 
and a small amount of sulfide. The ore crushes cleanly and percolates 
freely, being admirably suited to percolation leaching. The mill product 
runs 90 per cent through 371 screen and contains but 2 per cent of fines 
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that will pass 100 mesh. The mineral bronchantite supplies approxi- 


mately 0.40 kilos of sulfuric acid per kilo of copper leached from the ore, 


which is sufficient acid to operate the plant with no other acid source 


required. The ore is noted for its astonishingly low impurity content, 
as will be shown in the typical analysis of today’s ore and the values 
recovered, shown in Table 3. 


TaBLE 3.—Ore Values and Recovery 


Kilos per Kilos Metric Extraction, 
Per Cent poo TSS Nee Per Cent 
(CO Veee te ore aoe eee 2.100 21.0 19.5 93.0 
ORO ies foe Oe: bee ER seve ee 0.95 9.5 0.15 15.8 
(Ghioriney, ..ts.c.& oeameeeea | TE 0.012 0.12 0.04 33.3 
FATSCHICMRcr te Or erie ce. 0.002 0.02 0.01 50.0 
PAI GINO es rete ccs eat te 0.001 0.01 0.004 40.0 
Molybdenum tes. a. seer... 0.010 0.10 0.01 10.0 
IMIGEIC aCe sas aati 0.015 0.15 0.08 53.3 
ROGIINI Eg tee WE tnd chit 1.10 
PP OUASSUINIE. © eee a me ft 2 5.20 
(SHOT see 2 4 Se di See ee eee 68.0 
AGC) gieteetm ta ee ac gente ee eke a 16.0 


The present ore contains approximately 90 per cent of oxide copper 
and 10 per cent of sulfide copper. Of the former, 98 per cent, and of the 
latter, 40 per cent is extracted in the leaching process. Ore coritaining 
60 per cent of oxide and 40 per cent of sulfide, called border-line mixed 
ore, is also leached today in moderate tonnages. This ore is treated 
with large volumes of solution containing ferric iron. Chemically equiva- 
lent tonnages of scrap iron are saved in the dechloridizing operation by 
the ferric iron reduced by sulfides in the ore. The sulfides in the ore are 
largely chalcocite and pyrite but very little of the latter is decomposed. 
As high as 70 per cent of the sulfide copper is extracted from mixed ore. 

The spent electrolyte as it goes on the ore carries 2.0 grams per liter 
of ferric iron and its temperature is 30°C. The strong solution produced 
carries 0.8 grams per liter ferric iron and its temperature is 20° C. The 
electrolyte is therefore heated approximately 10° C. owing to its resistance 
in electrodeposition. These temperatures are not conducive to the best 
results in the leaching of sulfides. No heating of electrolyte other than 
that caused by its resistance in electrolysis is resorted to. At a high 
production rate the leaching period is shortened but the electrolyte is 
10° to 15° C. hotter and leaching results are about equal both for oxides 
and sulfides. 

Table 4 shows the composition of spent electrolyte of 1928 and of 1933. 
The lower impurities now present are due to higher acid gain from the ore 
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plus decreased impurities contained in the ore coupled with lower extrac- 


tion of impurities due to lower free acid. Furthermore, the ore of today 


is harder than heretofore and the gangue is not decomposed to the same 


extent as formerly. This feature is also partly responsible for increased 
acid gain, which is illustrated by the fact that an ore of 34-in. sizing which 
shows 8 kilos acid gain per metric ton will show an acid loss if pulped and 
leached. Many of the basic compounds in Chuquicamata ore are not 
copper bearing and if a large percentage of fines were present their sepa- 
rate treatment would be desirable from this standpoint alone. 


TaBLeE 4.—Spent Electrolyte, Grams per Liter 


1928 May, 1933 
Coppers. 22. Sas ee oe ee eee 14.9 15.6 
HiSOwws: .2 3 eee Se eee 70.0 60.0 
HNOpssi 6 See pitas Ooh eee. eee: Seal 1.50 
Dota liron 2295 6: aseavappycucndhss sgh Saat eke eee 4.50 2.40 
Ferrie irom: isc. 96 one eee 1.30 1.90 
Ferrous WON ee gasket ee ee Oe seo 0.50 
Molybdenum 22°. 2 ne ee eee 0.19 0.30 to 1.00 
ATSENIC. 2 55°F. Ei SE Re Oe ee ae OfSt 0.22 
Antimony ach =. bs eh) tye 3 ears ee ee ee 0.02 0.01 
Seleniutn. pp 08. oct hac hae ake eee ae ars ar: 
Tela atc” Sue, - tity eect: VERE cee ne None. None 
Caleninr 2.5.3 ache eRe eee ce ee 0.50 0.40 
Sodium thot acc eo ee cee ee 7.82 6.20 
Potassium? 0.055. BOS eee eee 2.31 1.75 
Aluminum! :3.8570 22 ee Me sO ie 1a Fe ae 3.51 2.10 
Magnesiuin. 20/115.) bow WS edd ae 1.33 0.75 
CRLOTING 5 Pisa tadn ics Ook aie inn rete nas Bae 0.18 0.12 
Oba SOUCS:.< oo. 5.05 3 eae eee 207 155 
Degrees Centigrade......... Aig 40.0 31.0 


Copper extraction has not altered with the lower free acid and the 
lower spent electrolyte temperature is practically offset by longer leaching 
cycle. While the electrolyte was more active in 1928 owing to oxidizing 
effect of higher nitric acid, this is offset by higher ferric iron in the spent 
electrolyte of today because of the oxidation of ferrous iron by lead-anti- 
mony anodes, which is greatly superior to that by Chilex anodes. 
Increasing sulfides in the ore and stable electrolyte has prevented an 
increase of load on the dechloridizing plant through higher ferric iron in 
the spent electrolyte. 

Slag, magnesite and silica cobbings from the refining furnaces are 
leached in an ore-leaching vat after crushing and removal of the metallics 
in a jig. In order that these products may be leached by percolation, 
they are milled to 3¢-in. screen only. Metallics recovered are equal 
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approximately to 33 per cent of the total fine copper content of these 


second. 


bout 1.0 per cent of 


The hutch product from the jig is similarly reconcentrated. All 
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decomposition of the latter is slow, requiring about 12 months. 
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The leaching extraction is about 85 per cent and the over-all recovery a 


from the original secondaries is 90 per cent. The slag shows no tendency 


to gelatinize although fines increase with the leaching time. The perco- — 


lation rate however remains ample. 
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Fie. 12.—Lmacuine pata. 


Fig. 11 shows the flow sheet; Figs. 12 and 13 and Tables 5 and 6 give 
leaching data. . 


Tailings Disposal 


Each bank of vats is served by two gantry tailings-discharging 
bridges. These bridges are of three types, the most modern embodying 
dynamic breaking and Ward-Leonard control. Buckets are of the clam- 
shell type and vary in capacity from 8 to 12 tons. Two bridges operate 
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together on a single vat discharging an average of 11,000 short tons of 


tailings in 7 to 714 hours. 


Bucket lips are tipped with manganese steel and as ore washing is 
thorough there is little corrosion. The closing movement of the bucket 
is in the direction of the upper layer of timber of the filter bottom, which 
successfully prevents nipping of the filter bottom, an occurrence that is 
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detrimental to both the bucket and the bottom. The vats are not dug 
clean, there being approximately 800 tons of tailings left on the bottom. 
This practice protects the bottom and the bucket and increases the digging 
rate. It also weights down the bottom, preventing it from floating if 
a covering solution is run on before the ore is loaded. 

The buckets discharge into hoppers built in the pier leg from which 
the tailings are run into 12-yd. dump cars in trains of 26, each handled by 
a 70-ton electric locomotive. The fan-shaped tailings dump is 4.5 km. 
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in circumference and ranges from 25 to 75 m. in height. Power is taken — 


Water 


6th 
1.0 


Wash 


card 
1o5- 


Volume 
Dis- 


5th 
2.5 


4th 
Wash | Wash 


34 


Wash 
5.5 


2d 


Wash 
7.0 


1st 


Wash 


8800 | 3000 | 2000 | 2000 | 2000 | 2000} 300 | 3000 | 2350 


Spent 
15.0} 9.0 


Covering 
or Treat- 
ment 
Solution 
17.0 


3500 | 3500 


19.0 


1st Ad.| 2d Ad. 


TasBLe 5.—Solution Data—Leaching? 


Solu- 
tion 
ae 
A42,.0'|' 32-0 |. 22.0 


* Approximately 100 cm. per vat average evaporation. 


5000 | 5000 | 3500 


First |Second 
Strong | Strong 


Solu- 
tion 
15s 


Ferric drone: oe ce ae eee 
PerrousaPOn sa. ee usk aioe ae a oe 
Nitriciacid:., . . 05 2 oe wee ee 


H.SO7:8 ee whee tere ee ee 
Tron fe. bee eee 2 oe 


Degrees Centigrade............-.. 
Copper, grams per liter........... 


Volume... aee,ce- 0 oe eee 


from third rail in the yards and 
on the permanent portion of the 
dump. The active track on the 
dump is equipped with a flexible 
trolley system, which is mounted 
on the ties and follows the chang- 
ing contour of the dump as the 
track is shifted. Increasing trolley 
length is paid out from a reel at 
either end of the system, the coun- 
terweighted trolley passing freely 
through the flexible hangers. This 
installation operates with perfect 
success. 

Bridges are anchored to the 
rails when not actually in use and 
although high winds are encoun- 
tered at times there has never been 
any accident from that cause at 
Chuquicamata. Careful attention 
is paid to equalizing the bridge- 
drive mechanism. 

Trains from the east vats enter 
the east side of the dump and 
those from the west vats enter the 
west side, making the average haul 
per round trip approximately 2.25 
km. at the present time. A round 
trip requires 43 minutes for a net 
550-ton train, including loading and 
discharging. The power consump- 
tion equals 0.28 kw-hr. per ton for 
the excavating bridges and 0.04 
kw-hr. per ton for the locomotives. 

Data on tailings disposal are 
given in Table 7. 


DECHLORIDIZING PLANT 


The dechloridizing plant (Fig. 
14) has five functions: 

1. Precipitation of chlorine 
as cuprous chloride from strong 
solution. 
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2. Reduction of ferric iron in strong solution. 

3. Stripping of copper from electrolyte to be wasted. 

4. Recovery of cement copper from cuprous chloride by solution 
in FeCl, and cementation on scrap iron. 

5. Preparation of a high-grade cement copper suitable for melting in 
the reverberatory furnace for the production of a high-grade fire- 
refined copper. 

Figs. 15 and 16 show sections of the dechloridizing plant. Strong 


4 solution from the leaching-plant sumps enters the plant by gravity 

4 TaBLE 6.—Leaching Plant Data 

xe Leaching-plant capacity, short tons per month............ 1,400,000 

; Short tons persleaching Charge.c. .< oe pict acheSecsnaco « 11,500 

| SCVGNS SIG CRW Oe Me eR SA: MEM, eT 4-16 

7 PxGra chim PeLecntavearciewaeertetel aes . ics sack Chee 88-94 

Acid gained, kilos per metric ton ore..................... 6-12 

: Copper recovered, kilos per metric ton ore................ 14-20 

Tron dissolved, kilos per metric ton ore................... 0.15 
Molybdenum dissolved, kilos per metric ton ore........... 0.01-0.05 
Chlorine dissolved, kilos per metric ton ore............... 0.04 

<< Moisture in tailings, per cent.............2..0. 0.0. eee 9.0 

Water per metric ton ore, liters..............50 00.00.04. 235 
Total available acid in electrolyte, grams per liter......... 80-90 
Temperature of leaching solutions, deg. C................ 14-30 
Copper in spent electrolyte, grams per liter............... 14-16 
Copper in strong solution, grams per liter................ 32-45 
Copper in first wash, grams per liter..................... 9.0 
Copper in sixth wash, grams per liter.................... 1.0 
Water-soluble content of tailings, per cent................ 0.01-0.02 


Fig. 14.—REAR OF DECHLORIDIZING PLANT. TYPICAL WOOD-STAVE PIPE LINES IN 
FOREGROUND AND ROTARY MASTIC MIXERS AT LEFT. 
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Taste 7.—Tailings Disposal Data 


Capacity (4 excavating bridges), short tons per hour............ 3150 
Tailings per train, short tons.........2.-+-4-+ 225-2252 -qiu ts 550 
Kilometers per trip: aes ce-sue oe Ser ee ae et 2.25 
Cycle time train trip, mamuted* |). sabes ot ae Meer es ae ner 43 


through three 15-in. wood-stave lines. Of this solution 10 per cent © 
enters one or more Devereux mechanical agitators equipped with 
bronze shaft and impeller and driven through bevel gear by 50-hp. 
motor. Into these agitators is also charged cement copper elevated by 
crane bucket and fed through hoppers. The resulting pulp leaves the 
agitators through top and bottom discharges and is dropped through 
pipe lines into the remaining 90 per cent of the strong solution passing in 
an adjacent launder. The mixture then enters one or more Parral 
agitators, where the ferric iron is reduced and the chlorine is precipitated 
as cuprous chloride. The Parral agitators, of which there are three, 
which may be run in series or parallel, discharge at the top into launders 
that convey the solution and suspended cement and cuprous chloride to 
nine settling tanks, each 38 by 28 ft. by 12 ft. deep. Here the solids drop 
out and the reduced and dechlorized strong solution passes through 4} 
launders to a pump house, where it is elevated to the head tanks of the | 
electrolytic tank house. 

These cuprous chloride settlers are cut out of service in rotation and 
drained by pumps, and after the contained cuprous chloride is washed 
with water it is dug and elevated by clamshell bucket to small mechanical 
agitators where it is treated with hot ferrous chloride brine carrying 
100 grams per liter of chlorine. The cuprous chloride dissolves and the 
mixture of solution and cement is run into seven sets of rotating bronze 
drums charged with scrap iron, each set being composed of two drums in 
tandem. The scrap iron is charged through a removable door from a 
charging floor above the drums. Scrap iron is cut up with are torches 
and moved to this floor over the industrial railroad. 

The copper in solution is cemented in these drums and passes to 
settling tanks. The brine solution runs out of the settlers to a sump tank 
and from there to pumps by which it is elevated to the cuprous chloride- 
dissolving agitators, a small volume being bypassed to the stripping 
agitators. 

The coarsest of the cement is excavated, pulped with water and 
passed through a ball mill and Dorr drag classifier. The fines are returned 
to process and the coarse passes to filter bottom tanks, from which after 
further washing and draining it is subsequently dug and shipped to the 
smelter, where it is dried, melted in a reverberatory furnace and after 
refining is cast into fire-refined shapes. This cement is similar in sizing 
to sea sand and weighs 110 kilos per cubie foot. 
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The remainder of the drum cement is dug and fed by crane bucket to 
a Devereux agitator, into which is run a small amount of FeCl, brine, 
and the electrolyte that is to be stripped and wasted. Copper is precipi- 
tated from the electrolyte as cuprous chloride. The pulp passes to 
settlers and the barren solution overflowing the settlers is piped to the 
pampa, where it is wasted. In this operation a small excess of ferrous 
chloride and, as in the dechloridizing reaction, a large excess of cement, is 
required to force the reaction in the limited time available. 

The solids in the settlers carry about 7 per cent of chlorine. This 
product is dug and washed in two Devereux agitators in two stages. 
In the first stage the washing is accomplished by the electrolyte prior to 
entering the stripping agitator, and in the second stage by the leaching- 
plant discard solution made before or after sixth wash is produced. The 
pulp passes to settlers after each wash and the runoff is returned to the 
stripping agitator. 

The final washed cement is then ready for use in ascllionidniie It 
is dug by crane and elevated to a Devereux agitator, where it is pulped 
with strong solution passing then to the dechloridizing Parrals. This 
completes the cycle. 

Four traveling cranes handle the cement through the various opera- 
tions and at full production move 2500 wet tons per day. Settlers and 
mechanical agitators are built of reinforced concrete construction, mastic 
lined, and Parrals are of cast mastic reinforced. Clamshell buckets, brine 
pumps, agitator shafts and paddles are of bronze. 

The precipitation of chlorine as cuprous chlorine takes place readily 
and goes practically to completion in a few minutes when excess of copper 
of the proper fineness is present. The solution of cuprous chloride in 
ferrous chloride brine requires a rich hot brine. The dissolving action 
at best is slow, but it is essential to the process that as near complete 
solution as possible be obtained before cementation, otherwise cuprous 
chloride will be cemented in place on the copper particle, causing undesir- 
able grain growth. The control of grain size of the copper cement par- 
ticles is necessary to the successful operation of the plant. If too coarse 
the material reacts slowly, cannot be dug by crane, and plugs launders. 
If too fine, cuprous chloride fails to settle completely and is carried to the 
tank house and to the pampa. The grain-size control is located in the 
cementation operation and requires proper brine gravity and temperature. 
Copper of the proper grain size weighs approximately 50 kilos per cubic 
foot. 

The iron consumed amounts to 50 kilos gross per 100 kilos of copper 
precipitated from cuprous chloride. This does not take into considera- 
tion ferric iron that is reduced in discard solution nor the impurities in the 
scrap iron. Brine solution, which was formerly handled by air-lift, is 
now pumped to cut down the oxidation of ferrous chloride. 


588 REDUCTION PLANT OF CHILE EXPLORATION ‘COMPANY 
The amount of chlorine precipitated from strong solution | as grad - 
ually diminished as the surface ores have been depleted, until today it is 


insufficient to operate the plant. Sodium chloride crystallized from ; 


desert springs a few kilometers from the plant are added to balance the | 
operation. Approximately 45 per cent of the required chlorine is derived 
from the ore and 25 per cent from the water used in washing the ore, and 
30 per cent is added in the form of NaCl. 

Precipitation as cuprous chloride is probably the most efficient and 
satisfactory method yet devised for stripping solutions completely of 
their copper. This is especially true at Chuquicamata, as a large part 
of the cement so derived is subsequently dissolved by ferric iron in strong 
solution and the electrodeposition efficiency is thereby increased. The 
net result is equivalent to complete electrostripping at an efficiency 
comparable to that of normal cathode production with high-grade solu- 
tions, and of course results in hard dense cathodes of high purity. Despite 
the fact, therefore, that a time may conceivably come when dechloridiza- 
tion of electrolyte is no longer necessary, it will undoubtedly prove eco- 
nomical and desirable to add cheap sodium chloride to the ore in order to 
retain the advantageous features that this plant contributes to operations. 

The triple washing of cement prior to use in dechloridizing is made for 
the purpose of washing out soluble iron salts, thus minimizing the iron 
picked up by electrolyte in the dechloridizing plant. 


TaBLE 8.—Dechloridizing Plant Data 
Dechloridizing capacity, cubic meters strong solution per 24 hr. . 25,000 


Tonnage capacity to cementation, short tons per 24 hr........ 140 
Normal chlorine in entering strong solution, grams per liter.... 0.50 
Normal chlorine in leaving strong solution, grams per liter..... 0.05 
Scrap-iron consumption per unit of cuprous copper............ 0.50 
Grade of solution to stripping, grams per liter copper......... 8-40 
Grade of solution from stripping, grams per liter copper....... 0.4 


The purity of the cement copper shipped for fire refining is notable. 
An equivalent tonnage of cement formerly joined the plant secondary 
products and was smelted in the blast furnace. The resulting black 
copper was refined in a reverberatory furnace and cast into soluble 
anodes, these anodes being used to manufacture starting sheets. This 
operation was thus ordered, since the production of starting sheets 
strictly from commercial electrolyte using insoluble anodes was not 
feasible because of the character of the electrolyte, which at times was not 
stable, a matter that will be discussed further on. However, with proper 
stabilization of the electrolyte, we now manufacture all starting sheets 
required from commercial solution and the sheets are of a quality superior 
to those made from soluble anodes and electrolyte derived from bluestone. 
The cement copper that was formerly used for soluble anode production is 


e 
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therefore diverted now in equivalent tonnage although of different char- 
acter to the production of fire-refined copper, and the smelter secondaries 
are jigged and leached as previously described. 

Approximately 3000 tons of fine copper cement is carried as working 
stock in the dechloridizing plant. Up to 25,000 cubic meters of solution 
can be reduced and dechloridized per day. Various data are given in 
Table 8. 


SutFur Dioxipre PLANT 


In 1930 a sulfur-burning and SO, absorption plant was constructed 
to stabilize electrolyte (Fig. 17). This was found necessary in order 
to prevent decomposition of nitric acid catalyzed by molybdenum 
salts and to dissipate nitric acid from solutions. Operating difficulties 
were encountered in the tank house and dechloridizing plant when ore 
containing over 0.008 per cent of molybdenum was treated. This 
trouble took the form of decomposition of nitric acid and oxidation of 
ferrous iron and of cuprous chloride. Once started, this reaction became 
self-catalyzed by oxides of nitrogen and spread rapidly throughout the 
entire solution system of approximately 100,000 cubic meters. 

The solutions fumed strongly, giving off great: volumes of oxides of 
nitrogen, and in this condition it was impossible to properly dechloridize 
or to strip waste solutions. Chlorine values pyramided in electrolyte, 
and cathodes carried prohibitive quantities of cuprous chloride. The 
active oxidation going on in solution corroded cathodes to a degree that 
decreased current efficiency to 60 per cent from a normal of 90 per cent. 
Anodes and fittings were also badly corroded. This active electrolyte 
attacked the ore vigorously and, while extraction of sulfides was improved, 
much larger quantities of impurities were picked up and the rate of acid 
gain from the ore fell off. 

Experimental work developed the stabilizing effect of sulfurous acid 
in solution. Small quantities inhibited the decomposition of nitric acid 
in the manner described above and gradually dissipated nitric acid from 
solution without oxidation occurring. Test work developed simulta- 
neously the feasibility of applying the limerock purification process that 
had been placed in successful operation at the Potrerillos plant of the 
Andes Copper Mining Co. By this process iron, molybdenum, arsenic 
and antimony would be precipitated and removed from solution, leaving 
an extremely pure electrolyte with consequent high power yield in elec- 
trodeposition. However, this advantage was offset by adverse extrac- 
tion of sulfides contained in the oxide ore in the leaching operation owing 
to the decreased tonnage of ferric iron available. As there also was a 
substantial difference in costs of construction of the two plants and in the 
simplicity of operation, the sulfur dioxide treatment was decided upon. 
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Operation at the sulfur dioxide plant consists of crushing and burning 
local volcanic sulfur ore and absorption of the gas in electrolyte, followed 
by distribution of the gassed electrolyte to necessary points in the solution 
system. The flow sheet is shown in Fig. 18. The sulfur ore is crushed in 
a Blake-type jaw crusher to 14-in. sizing and is elevated by bucket ele- 
vator to the bins, being sampled automatically as it enters the latter. 
Fires are rare with this layout, despite the fact that a rock gangue accom- 
panies some native sulfurs. The type of burner in use is one adapted 
from a design by Dupont engineers and in use at their explosives plant 
at Rio Loa, some 30 km. from Chuquicamata. It is very well suited to 
burning native ores of from 45 to 90 per cent sulfur content. 

The burner consists of a four-section plate-steel shell 20 ft. long and 
4ft.4in. in diameter. This shell may be lined with refractory brick for 
burning low-grade ores. A water-cooled shaft passes longitudinally 
through the shell and carries 30 rabble arms, the working face of which 
is set at 26.5° from the shaft and clear the inside of the shell by 34 in. 
This shaft is rotated at 1 to 2 r.p.m. The burner is set at an angle of 
25° from the horizontal, and sulfur ore is fed through the upper shell at 
the lower end by means of a screw conveyor driven through a Reeves 
speed reducer. The screw receives the crushed sulfur ore from an ele- 
vated bin of 15 tons capacity. 

The sulfur is advanced through the burner by the rabbles, and at the 
upper end the ash drops into a chute and is delivered to a closed ash 
hopper. The gas and sublimed sulfur pass to a cylindrical refractory- 
lined and baffled combustion chamber, where burning is completed. 
The burner and combustion chamber are equipped with suitable air 
intakes and are placed under from 0.1 to 0.5 in. of vacuum by exhaust 
fans, which draw the gas through the burners, cyclone and scrubber 
tower and force the clean and washed gas into the absorption tower. 
There are two burners, bins, feeders and combustion chambers housed in 
the burner building. 

The gas of 8 to 14 per cent grade, depending on the sulfur ore grade, 
passes to a cyclone, then to a lead-curtained, brick-walled and packed 
scrubber tower 5 ft. 6 in. square inside dimension by 32 ft.8 in. high. Two 
lead-cased fans, one of which is a spare, with lead-covered steel rotor, 
are between the scrubber tower and the absorption tower. The latter, 
which is a lead-curtained tower with lead pan, measures 10 by 20 ft. 
by 44 ft. high, and is packed with 2 by 4 pine lumber. The two towers 
are served by 3 by 4 in. horizontal lead centrifugal pumps, one of which is a 
spare, at the tower level in closed circuit with a 15-in. vertical centrifugal 
pump at pump house No. 1 east of the tank house, which picks Ep the 
outflow from the starting-sheet sections. 

Hight spray nozzles of the type used in acid towers distribute 300 to 
400 cu. m. per hour in this tower, while four similar but smaller sprays 
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supply the scrubber tower with 40 to 60 cu. m. The runoff from the 
two towers join and mix and are piped in gravity lines to a six-weir box 
unit in which the gassed solution is measured off for delivery to the elec- 
trolytic tank house and other vital points. 

Over-all plant recovery is approximately 99 per cent. The plant 
capacity is 25 tons of fine sulfur per day, producing close to 50 tons of 
SOz gas of 14 per cent grade. The gassed electrolyte carries 0.7 to 2.0 
grams per liter of SO». 

Sulfur dioxide is not added to reduce ferric iron, and very little such 
reduction takes place in the operation as followed today, owing to time 


Fig. 19.—CENTER BAY OF ELECTROLYTIC TANK HOUSE. NoTICE GUAYAQUIL CANE 
ROOFING. 


limitations. Approximately 90 per cent of the absorbed SO, is converted 
by anodic oxygen to sulfuric acid, and there is practically no odor of SO. 
in the electrolytic tank house with electrolyte containing 0.2 to 0.5 
grams per liter of SO2. The escape of SO, in electrolysis is prevented by 
the oil blanket used to cover the electrolyte in the cells. 


ELEcTROLYTIC TANK House 


The tank-house building measures 1187 ft. long by 160 ft. wide, and is 
divided into three bays. The center bay is shown in Fig. 19. The 
floors and foundations are of reinforced concrete and the building itself is 
of structural steel, covered on the windward sides with corrugated iron or 
corrugated asbestos board, and roofed with Guayaquil cane and corru- 
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gated iron. This type of construction is possible because of the warm 
dry climate, and as in many other similarly constructed buildings in the 
plant, results in excellent ventilation. The concrete floors and column 
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Fig. 20.—FLOW sHEET OF ELECTROLYTIC TANK HOUSE, 1933. 


foundations are protected with mastic, and the structural steel by a mastic 
paint. Solution feed lines and runoff canals are in the basement, which 
is of ample height and the floor of which is pitched to drain spills and wash 
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water to a central sump. Power buses are carried on insulated rods, 
carried on the roof trusses. The substation, where power generated at 
the coast and transported to Chuquicamata on three high tension lines, 
is converted, is immediately adjacent and parallel to the tank house, with 
resulting short conductor leads and low lead loss. 

There are 1098 electrolytic tanks in the building, each tank measuring 
19 ft. 2 in. by 3 ft. 11 in.. by 4 ft. 10 in. deep, inside dimensions. These 
tanks are constructed of reinforced concrete and are lined with mastic. 
Sixteen or seventeen tanks arranged in cascade comprise a section, and 
four to eight sections in series electrically make a circuit, of which there 
are ten in the house (Fig. 21). Each circuit is powered from one or more 
rotary converters or motor-generator sets (Fig. 22). This converting 
equipment is tied together by a system of buses, so that most machines 
can be cut in on any of the nine commercial circuits. One circuit and a 
variable number of tanks in one other circuit are used for the deposition 
of starting sheets, while one or more sections are always in use in the 
service of plating down solution to be discarded. The remainder of the 
house is engaged in commercial cathode deposition. 

The deposition tanks rest on piers with ground footings and are 
constructed independently of the building proper. Tanks of the newer 
type are cast in unit blocks of 17 with but one inch pitch from inflow to 
outflow end, the direction of flow being across the short dimension of the 
tank. Tanks of the older type are cast singly and arranged in cascade, 
being connected by ports at alternate ends of the tanks, the direction of 
solution flow being with the long dimension of the tanks. The newer type 
of tank is much superior, as circulation is better, solution flow can be 
controlled more easily and with less danger of submerging anode lugs, 
and in the case of power failure the solution runoff to be disposed of is 
very small. The tank tops are 2 to 3 ft. above the floor level. 

Four 10-ton cranes in each bay, or 12 in total, handle cathodes, anodes 
and starting sheets. Industrial track is laid in three longitudinal streets 
and in seven lateral streets. Winches at the heads of the lateral streets 
advance the cathode cars during the loading of cathodes, which is done 
by hand. 

Adjoining the tank house and connected to it by industrial railway is 
the anode plant, where copper silicide (Chilex) and lead-antimony grid 
anodes are cast. ‘The former are melted in three electric furnaces and are 
cast into cast-iron molds. Lead-antimony anodes are melted in oil-fired 
pot furnaces and the low melting point alloys are cast through valved 
outlets from the pots into cast-iron molds set on a revolving casting 
table. The capacity of this plant is 250 grid anodes per 24-hr. day. 

The tank house is equipped with 60,000 anodes, part of which are 
Chilex and part lead-antimony. Starting sheets are made from lead- 
antimony anodes and dechloridized strong solution, and may also be made 
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from soluble anodes and electrolyte made from bluestone, for which > 


separate head tanks, dissolving tanks and pumps are provided. . 
Chilex anodes measure 2 ft. 9 in. by 5 ft. 11 in. by 1 in. thick, and are 
spaced on 314 or 4-in. centers, depending upon operating conditions. 
Lead-antimony anodes of the same width and length but 0.5 to 0.6 in. 
in thickness are spaced on 3 or 314-in. centers. Each cell therefore carries 
56 to 74 anodes and 55 to 73 cathodes, depending upon the spacing. The 
lead-antimony anode produces approximately 12 per cent more deposition 
per kilowatt day than the Chilex anode and is gradually replacing the 
latter. The brittleness of the Chilex anode is a decidedly adverse factor 


Fig. 22.—CoNVERTING SECTION, SUBSTATION A, SUPPLYING POWER FOR ELECTRO- 
DEPOSITION FROM TRANSFORMED HIGH TENSION CARRIED FROM GENERATING STATION 
AT COAST. 


in commercial operation with electrodes the size of those employed at 
Chuquicamata and the low iron and nitric acid content of present-day 
electrolyte is a favorable factor in the substitution of lead-antimony 
anodes. The cathodes from both anodes are of equal high purity. 
Warping of cast antimony-lead anodes under current is unknown here. 


Commercial Starting Sheets 


Starting sheets are deposited to 12-lb..weight in 24 to 48 hr. on copper 
blanks from freshly dechloridized and reduced strong solution, using lead- 
antimony anodes. Each tank in this service carries 72 anodes and 71 
blanks and the cathode current density ranges from 7 to 15 amp. per 
square foot. The edges of the blanks are coated with a nonconducting 
grease and the entire sheet is stripped from the blank, the grooved edge 
not being used. Both wooden and steel tools are used in stripping 
the sheets from the blanks. All sheets are trimmed on all four edges 
prior to looping, in order to facilitate straightening before and during 
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deposition. The flow through each tank is independent and amounts to’ . 


approximately 100 liters per minute. 

The sheet as trimmed measures 3 ft. by 4 ft. 1 in., of which 3 by 4 ft. 
are immersed in electrolyte. The sheets are equipped with two loops cut 
from starting sheets, which are fastened to the sheet on Long and Alstatter 
machines. Approximately 8 per cent of the total sheets made are used for 
loops and about 2 per cent is trimming scrap. Blanks are amalgamated 
at intervals and are, of course, oil-coated before each deposition. The 
blanks used are made from oversize starting sheets built up to thickness by 
electrodeposition. They are trimmed and ground and riveted to the 
suspension bars, after which they are amalgamated and ready for use. 

Chlorine in electrolyte over 0.2 grams per liter ruins commercial 
starting sheets, embrittling them so that they can be broken readily in 
the hand into small pieces, and looping such sheets is impossible. Ferric 
iron also will prevent deposition of good sheets. All starting-sheet 
anodes are equipped with spacers of insulating material to prevent short 
circuits. Anodes do not warp, but the copper blanks have to be straight- 
ened occasionally, and rolled lead cathode blanks which are sometimes 
used warp seriously. 


Commercial Deposition 


The outflow solution from the starting-sheet tanks is pumped to the 
SO, plant and is returned then to the commercial deposition section, a 
small portion joining the strong solution before and after dechloridizing, 
for the purpose of stabilization. The current density for commercial 
deposition ranges from 7 to 18 amp. per square foot of cathode surface, 
depending upon conditions. The inflow solution to the tank house is a 
mixture of this solution in the proportion approximately of 1 to 2 with the 
effluent of Chilex anode cells, which is high in ferrous iron and is not yet 
cut to spent grade. The mixture runs to the cells by gravity from the 
head tank through two main headers of 24-in. pipe. 

Seven 12-in. diameter lateral loop lines in the basement with 4-in. 
risers and 4-in. valves bring the solution to each individual section. The 
outflow from the Chilex cells is a first-stage spent electrolyte and is 
returned to the head tank for mixing as described above. The outflow 
from the lead-antimony cells is highly oxidized, is of spent grade for 
leaching and is returned to the leaching plant. A portion of the latter 
solution, approximately 12 per cent, is bypassed to plating-down sections 
where it is further cut to suitable grade prior to complete stripping by the 
cuprous chloride reaction. 

The electrolyte is therefore cut in three stages from strong solution 
to spent electrolyte, and in four stages to a lower than spent grade for 
stripping prior to discarding. Each volume of strong solution passes 
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through the tank house four times for the two stages of commercial deposi- 

tion, once for the cut in the starting-sheet cells and once for the plating- 

down cut. 

The flow is very fast in order to insure formation of hard cathodes and 

4 to decrease polarization. Each section takes a flow of approximately 
: 750 liters per minute, although the maximum flow may be as high as 
= 1200 liters per minute. The flow variesinversely with the grade of electro- 
lyte and the current density. We do not exceed a cut of 8 grams per liter 
: for one pass through 16 cells, or in other words 0.5 grams per liter per cell, 
: whereas the minimum is as low as 2.0 grams per liter per 16 cells. The 
4 current efficiency drops off down the cascade as the electrolyte warms up 
i and the ferric iron increases. The inflow solution carries 0.2 to 0.5 grams 
4 per liter SO, and the outflow from Chilex cells carries 0.05, while that from 
, the antimony-lead cells has none. The depolarizing effect of the sulfur 
z dioxide used is very slight, being equal to not over 0.01 volt. 
The spent electrolyte temperature varies with the ampere load and 
atmospheric conditions from 30° to 45° C. We consider 36° to 39° the 
most efficient temperature for Chilex anodes and 34° for lead-antimony 
anodes. The latter, of course, have greatly superior anode efficiency and 
as a result do not heat the electrolyte as much as the Chilex anodes. 

The electrolyte temperature is generally controlled to some extent 
by regulating the grade and therefore the volume of the strong solution. 
A spray pond is available also for cooling but seldom is required because 
the electrolyte more frequently requires heating than otherwise. The 
effect of hot electrolyte upon leaching extraction is a more important 
factor than its effect upon tank-house yield, when electrolyte is stable 
and the leaching cycle is short; i. e., under seven days. 

With ferric iron in solution the inspection of cathodes becomes a very 
important part of the tank-house operation. Short circuits causing a 
dead cathode result in rapid resolution of the cathode. Starting sheets 
are straightened on inclined boards before loading into the sections, using 
a rubber-covered paddle. Within 8 hr. after loading and on the second 
and third days they are raised and again straightened. From then 
on the section is inspected twice daily for short circuits, which are spotted 
in the Chilex-anode equipped cells by a slight rise in the temperature of 
the cathode loops, and in the lead-antimony sections by raising the 
cathode about 14 in. by means of a hand hook, the short being detected 
by a tendency for the cathode to pancake to the anode. Shorted cathodes 
are raised and the sprouts cut off, the cathode reversed and returned to 
the tank. Deposition rapidly strengthens the joints where the loops are 
attached to the cathode, so that cathodes may be deposited to over 
200 lb. if required. However, the average cathode weight employed 
here is 150 lb., which we find to be the most efficient weight for 


our conditions. 


Py pesanodes (sie. dente aceaace rithurtereletors ee Chiller 


Weight per tank, 314 in. spacing, kg...........-..-..--- 


Square feet under electrolysis, one side............--..+-- Saya 9.27 
Square feet under electrolysis, per tank, 4 in. spacing...... 958 1,020 159 
Square feet under electrolysis, per tank, 314 in. spacing... . 1,097 1,168 R 
Current density, amp. per sq. ft. at 10,000 amp., 4 in. spacing.... 10.44 _ 9.80 8.63 
1 11,000 11.48 10.78 9.49 
12,000 12.52 11.76: —«, 10:35, 
13,000 13.55 12.74 11.22 
14,000 14.61 13.72 12.07 
15,000 15.65 14. 70 12.94 
16,000 16.70 15.68 13.80 
17,000 : 17.74 16.66 14.66 
18,000 18.78 17.64 15.53 
19,000 19.83 18.62 16.39 
20,000 20.87 19.60 17.25 
R Current density, amp. per sa. ft. at 10,000 amp. 334 in. spacing.. 9.11 8.56 7.53 
11,000 10.02 9.42 8.28 
$ 12,000 10.93 10.63 9.04 
> 13,000 11.85 11.13 Lee 
14,000 12.76 11.98 10.54 
15,000 13.67 12.84 11.29 
16,000 14.58 13.70 12.04 
17,000 ] 15.49 14.55 12.80 
18,000 ; 16.40 15.41 13.55 
19,000 17.32 16.26 14.30 
20,000 18.23 17.12 15.06 
2 Ampere load for current density of 7 at 4 in. spacing 9,240 at 314 in. spacing.............. 10,584 
8 10,560 - 12,096 
9 11,880 13,608 
10 : 13,200 15,120 
ll 14,520 16,632 
12 15,840 18,144 
13 17,160 19,656 
14 18,480 21,168 
15 19,800 22,680 
16 21,120 24,192 
17 22,440 25,704 
18 23,760 27,216 
ANoDE 
Tatckness Distance 
Distance face to face electrodes at start of deposition, 314 in. spacing.;..................-0.0000e 0.6 1.4 
“ 1.0 1.2 
Lin spacing Neves cae ete Cee eee 0.6 1.65 
1.0 1.45 
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‘Short circuits, furthermore, raise the voltage.of Chilex anodes upon 
resumption of the current, and cause the anode to deposit spotty cathodes. 
Raising the cathode for inspection is unfavorable to the Chilex anode for 
the same reasons. After a period of operation the voltage of the Chilex 
es increases gradually and must then be restored by a process called 

“activation.” This process, in brief, calls for alternate periods of 1 to 2 hr. 
with and without current flowing, the electrolyte being a weak sulfuric 
acid of approximately 10 grams per liter. This is carried on with 14 amp. 
per square foot current density for 12 to 24 hr., after which commer- 
cial electrolyte is run into the cells and normal operations resumed. 
While the voltage is materially reduced by this process and the deposition 
is more uniform and smooth afterwards, it is costly and therefore is not 
always justified. 

The electrolytic tanks are covered with a petroleum oil known as 
smoothing oil, which is frothed mildly by the gassing of the electrolyte 
and forms a blanket over the solution, preventing largely the escape of 
spray and dissolved sulfur dioxide. There is considerable traffic on the 
tops of the tanks and this oil covering is a necessary feature to establish 
good working conditions and to protect equipment. The oil is held 
in the tanks by baffles. Because of the heavy traffic on the tanks a 
small attachment is used for the heads of the anode bars, which prevents 
the cathode bar from sliding off the anode bar when walked over. This 
prevents the edges of the Whitehead contacts from being rounded by 
arcing and results in a lower voltage drop over the contact, as well as 
preventing current losses and inconvenience due to shorts between bars. 

The cathodes are deposited to 150 lb. in 5 to 15 days, depending upon 
the current density. At this weight they are pulled, loaded on to steel 
cathode cars equipped with acid and waterproof bearings and sent to 
the washing plant. They are then weighed and sampled and are ready 
for the market furnaces. 

Cathode analysis is as follows: copper, 99.900; chlorine, 0.005; 
arsenic, 0.0002; antimony, 0.0004; lead, 0.0016; tin, 0.0011; selenium, 
none; tellurium, none; bismuth, none; iron, 0.0050; sulfur, 0.03; manga- 
nese, 0.0001; zinc, 0.0003; nickel, none; moisture, 0.02; insoluble (sil- 
ica), 0.06. 

Various data on the electrolytic tank house are given in Tables 9 
and 10. 


Tur SMELTER 


The smelter furnace equipment consists of three market furnaces for 
electrolytic copper shapes of 400 tons daily capacity each; one market 
furnace of 150 tons capacity for the direct refining of cement copper for 
the production of fire-refined shapes or for the casting of soluble anodes 


from furnace-refined black copper; and one blast furnace for the recovery 
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of copper from slag and miscellaneous secondaries of 50 tons fine 
copper daily capacity. 


TaBLeE 10.—Electrolytic Tank House Data 


Number electrolytic tanks in house................-......-. 1,098 
Number insoluble grid anodes to equip tanks............... 62,000 
Current density, amp. per sq. ft. cathode area.............. 7-18 
Entering solution, grams per liter copper................... 21-26 
grams per liter ferrous iron............... 1.6-2:1 
grams per liter total iron................. 2.5 
deg? iss - U5 8. MUie3 . Ge. SL ga 26-34 
Leaving solution, grams per liter copper.............. ..... 14-16 
grams per liter ferrous iron............... 0.5 
grams per liter total iron................+ 2.5 
deguG: igus. Gove: eee eee 31-43 
Current efficiency). 220 8 are ee ee 85-92 
Pounds copper per kilowatt-day........ .................. 24-28 
Capacity, kw load ait raeis aot hs ea ee ee .... 55,000 


The 400-ton furnaces have a hearth length of 49 ft. 5 in. and a width 
of 13 ft. 10in. The bottom and roof are of silica brick and the side walls 
are magnesite-lined. They are charged through three charging doors 
by Morgan open-hearth charging machines. Each furnace has a separate 
stack 6 by 6 by 75 ft. high constructed of silica and fire brick. The gases 
are cooled by a water jacket before entering the stack, but waste-heat 
boilers are not built in. The 150-ton furnace is equipped with magnesite 
sidewalls and bottom, while the roof is of silica brick. This furnace is 
equipped both for roof charging and side-door charging. 


These furnaces are all oil-fired, the fuel being supplied at constant — 


pressure of 75 lb. per square inch from two Traylor accumulators supplied 
from storage tanks through two Rumsey triplex pumps. The fuel oil is 
atomized with two Best burners on each furnace, utilizing 85-lb. air. 
Auxiliary air enters through a cast-iron nozzle below the burner and is 
supplied by a Sirocco blower of 15,000 cu. ft. per minute capacity. at 
10,000 ft. elevation. The auxiliary air is sucked under the furnace 
through built-in flues, which cool the brick lining of the furnace bottom. 
Excess air not required for combustion may be bypassed to waste. 

A wire-bar furnace charge consists of hard, dense, pure cathodes plus 
rejected shapes, warmers, and skulls from the previous charge or charges, 
These metallics are expertly packed into the furnace by two charging 
cranes, after which the furnace is sealed and the melting operation started. 

The fuel oil is burned by two burners and is gradually brought up to 
460 gal. per hour. After 8 to 10 hr. the charge is flat and begins to boil, 
which is caused by the melting of cold metallics on the bottom of the 
furnace. After finish of boiling the charge is fully melted, at which time 
the fuel oil is decreased and the slag is skimmed clean. At this point 
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the copper contains 0.2 to 0.4 per cent of oxygen, most of which has been 
formed from the excess oxygen in furnace gases. 

Iron pipes connected to 12-lb. air are then inserted through small 
openings in the side doors, poling door and bar recharging door. By 
means of these pipes air is blown into the molten metal to complete the 
oxidation of impurities. When approximately 0.8 per cent of oxygen is 
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Fic. 23.—TANK-HOUSE DATA. 


contained in the metal, which is evidenced by the crystalline character 
of test buttons, the charge is fully scorified and the slag is skimmed off. 
This slag as well as the previous one are oxidized silicate slags, the silica 
being furnished largely by erosion of the roof brick and the furnace 
bottom. No slag-making materials are added to the furnace ordinarily. 

This slag is skimmed off clean, after which the charge is covered with a 
heavy blanket of low-sulfur coke and the reduction of copper oxide by 
means of poles forced into the metal bath is started. Very little fuel oil 
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is burned during this operation in order to keep the furnace atmosphere as 
free of sulfur as possible. The poling operation is followed closely by 
test samples and when the oxide has been reduced to 0.03 to 0.04 per cent 
and the pitch is right the furnace is tapped and casting starts. Each 
‘reverberatory furnace is equipped with a mechanical casting wheel, those 
of the 400-ton furnaces being of the Clark type. These wheels are 40 ft. 
in diameter and carry 30 molds of three to five pockets each supported on 
trunnions and arranged radially on the wheel. The wheels are of heavy 
cast-iron construction and are supported on inner and outer rollers. The 
drive is through a cable, which encircles the outer rim of the wheel and 
passes to a vertical cable drum driven through a worm drive from a 30 hp. 


“yr a 


Fig. 24.—WIRE-BAR CASTING SECTION OF SMELTER, 


Furnaces are in left bay and casting wheels are in pit. Shipping shed is at right 
and bosh and first inspection conveyors in center. 


a.c. motor operated with automatic Cutler-Hammer control. Smooth 
starting, which is essential to the production of good shapes, is assured by 
the automatic starting equipment. The complete wheel weighs 164 tons. 
The 150-ton furnace has a Walker type casting wheel similar in principle 
but smaller and somewhat different in design. The Clark wheels will 
cast 50 to 80 tons per hour, depending upon the size and character of the 
shapes being cast. A general view of the casting section is shown in 
Fig. 24. 

The furnace is tapped continuously into a divided launder that delivers 
the molten metal to two mechanical ladles, each of 2 tons capacity and 
formed with three to five equalized pouring lips. These ladles are hung 
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on yokes: the suspension point is well forward and the rear ends are 
elevated through a cable and pulleys actuated by hydraulic cylinders 
operating on 175lb. water. The pouring movement is smooth and steady, 
simulating that of expert hand teeming. 

The controls for the wheel and ladle operation are centralized in an 
enclosed bridge suspended over the casting wheel above and facing the 
ladles. Two operators are required on this bridge, each one handling one 
ladle and one operating the wheel also. In one ladle is suspended a. 
specially designed fire end connected to a Brown recording potentiometer 
with magnified scale registering 1° F. change in metal temperature. 
Relays from this operate signal lights, which indicate two-degree changes 
in metal temperatures and are visible to the refiners from all parts of 
the operation. 

Two molds are poured simultaneously, making a total of 6 to 10 
bars poured at one time. Approximately 18 sec. is required for the actual 
pouring operation. While the bars are still molten the wheel is smoothly 
rotated 24°, centering the next pair of molds under the ladles. At a 
position approximately 90° from the pouring point, the bars have frozen 
and water is then applied by spray to the upper and under side of the 
molds. A metal hood connected to an exhaust stack is suspended over 
this side of the wheel and carries off the steam. At a point approxi- 
mately opposite to the pouring point the molds are inverted and the bars 
fall into a bath of water, from which they are removed by a chain-driven 
variable-speed steel conveyor, which discharges them on to the first 
inspection conveyor on the main floor level. The molds while still 
inverted are further cooled by water spray applied to the bottoms. 
Approximately 72° from and approaching the pouring point they are 
righted and are then painted with a slurry of water and bone ash, using 
Murphy spray pistols. The mold at a temperature of approximately 
95° C. dries this bone-ash coating thoroughly before the molds are again 
cast into. One round of the wheel requires about 10 min., depending 
upon the size of the shape being cast. 

The molds are made from refined copper, the pockets being formed in 
the molten metal held in a heavy collapsible copper form by water-cooled 
copper cores fixed on the platen of an overhead hydraulic cylinder. 
When the metal has frozen, the cores are withdrawn, the form knocked 
down and the molds are removed. When cold they are cleaned and 
dressed, after which they are ready for use. Molds weigh approximately 
2 tons each and are used for four to seven charges. Approximately 
50 kilos of molds are required per ton of good shapes cast. Shrinkage 
and warping of molds is a problem, inasmuch as it involves variation in 
finished bar weight and dimensions and introduces hindrance to free 
shrinkage of the bar, particularly at the time of freezing, which may 
result in hair cracking of the hot shape. The application of cooling water 
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is directed in a manner designed to minimize mold warping. Mechanical — 


casting of first class copper shapes demands faithful preparation of and 
attention to the numerous operating conditions and details. A change in 
the value of any condition invariably affects many other values, so 
that efficient casting can be realized only when all conditions are 
right simultaneously. 

The cast bars are carried down the inspection conveyor, before 
which stand inspectors and helpers who discard defective bars and 
cut out small blemishes with a pneumatic chipping hammer. Hach 

: bar is gaged as it passes over 
this table. Rejects are remelted. 
The bars passing this table are 
inspected in great detail on a sta- 
tionary table, each bar being 
personally viewed by the chief 
inspector. After leaving this 
"| second inspection the bars are 
a ee | made up into small drafts and 
Fic. 25.—Typp oF ELECTRIC TRACTOR weighed on the production bullion 
USED FOR HAULAGE OF COPPER SHAPES IN ° 
seipernG eames scales, after which they are stored 

in the shipping shed. Prior to 
shipping the bars are made up into lots varying from 5 to 100 tons and 
are reweighed on the bullion shipping scale. Shapes are handled by 
traveling crane and by electric tractor and trailers (Fig. 25). 

Wire-bar analysis is as follows: copper, 99.9600; oxygen, 0.0320; sulfur, 
0.0016; arsenic, 0.0002; antimony, 0.0004; lead, 0.0008; tin, 0.0006; sele- 
nium, none; tellurium, none; bismuth, none; iron, 0.0016; manganese, 
none; zinc, trace; molybdenum, 0.0001; nickel, none. 

The refining of cement copper for the production of fire-refined 
shapes is carried out by a process similar to that employed in Michigan 
smelters on native copper concentrate. The operations are otherwise 
similar to the casting of electrolytic shapes. 


Labor Efficiencies, Reduction Plant, Chile Exploration Co. 


Per Shift Unit 
Primary: crushin os jee oben si eee eee caer! 300 Short ton ore 
Secondary crushin ts mis esha eee ane men ee Short ton ore 
Leaching, dechloridizing, SO,..............| 190 Short ton ore 
Tailings disposHl\ te te eee eee 273 Short ton tailings 
Tank: howse::s , Ses. eilreaenenccbeaieen en eee 1.85 | Short ton cathodes 
Tnsoluble-anodesplantsea.o) an ae ares 6.0 | Short ton cathodes 
Smelting and mn lin pt sctoay, teeta i 1.25 | Short ton cast market shapes 
Transportation...... eee 8.3 | Short ton cast market shapes 
Laboratory and sampling................. 5.8 | Short ton cast market shapes 
Total above operations................... 0. 


30 | Short ton cast market shapes 
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TaBLE 11.—Smelter Data 


Short tons melted per furnace charge (wire bars)...........- 360-400 
Fuel-oil consumption per short,ton (including heating up fur- 

Te a.) i eet eee Sere’ 23 
Casting efficiency, per cent.................... . & Serre 85-90 
Kilos molds per metric.ton cast................ese--+-0ee- 50 
Furnace cycle time, hours: 

Chargiig. sc sag ra ee, Ss Se ee eee eee 1.5 

Melting and. skimming 9. 4h): «<0 =. a= aoe Jee 14.0 

Oxidation ...i::.. <b ss a3 sph < hes oe oie a ee 3.0 

PONE oi. 5 9 o Grossi eoen bey Mom ie oe 3 

Casting”)... acct: sna ieee a 2 ee oe eae eee 5.0 


periongent of the Leaching Operations of the Union 
Miniére du Haut Katanga 


By Arcuer E, WHEELER* anp H. Y, Eacuz,* New York, N. Y. 


(New York Meeting, February, 1932) 


THE copper industry in the Province of Katanga, in the Belgian 
Congo, which is now controlled and operated by the Union Minére du 
Haut Katanga, had its inception many years ago in the vision of a 
Scotsman, Robert Williams, now Sir Robert Williams, Baronet. He it 
was who personally negotiated the mineral concession with King Leopold 
of Belgium, sent in the prospecting parties who located most of the 
present mines of the company, later arranged for the Belgian participation 
from which the present company was formed, and has been its active 
mentor ever since. The idea back of his efforts was the establishment of 
an industry on the Congo-Zambezi divide, of sufficient importance to 
draw up to it the head of the Cape to Cairo Railroad, the dream of Sir 
Cecil Rhodes, and the consummation of which he had left as a legacy to 
Mr. Williams, his successor. 

The reports of the prospecting expeditions showed that copper in 
profitable quantity was there, but many difficulties lay in the way of the 
establishment of the infant industry. The isolated location of the mines, 
various tribal wars, the Boer War, and many other factors contributed to 
making progress very slow. However, in spite of these difficulties the 
railroad was finally built and a blast-furnace plant erected at Lubumbashi, 
near Hlisabethville, the capital of the Province. Operations of this plant 
were started in 1911, treating high-grade oxidized ores and producing pig 
copper by a reducing smelting. Production has been continuous since 
that time and the company has grown so that at present it ranks as the 
largest individual copper producer in the industry. It is a fitting monu- 
ment to the foresight, optimism and driving force of its founder, and the 
progressive policies of his Belgian colleagues. 

In January, 1914, the Union Miniére du Haut Katanga engaged as 
its consulting engineer, Archer E. Wheeler, metallurgical engineer, at 
that time general superintendent of the Great Falls plant of the Ana- 
conda Copper Mining Co. Mr. Wheeler was commissioned by the Board 
of Directors to proceed into Katanga, and make all necessary investiga- 
tions to enable him to report on a comprehensive development program, 
and to recommend a scheme of treatment particularly for their low grade 


* Consulting Metallurgical Engineer. 
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ores. He reached Katanga in June, 1914, where he was joined by F. W. 
Snow, mining engineer, formerly connected with the Great Falls smelter 
and the Ray and Chino properties, whom he had engaged as his assistant. 

The first step in the investigation was an extended inspection trip 
to the mines and prospects on the company concession. This involved a 


Fra. 1.—INSPECTION SAFARI ON TREK. 
Fig. 2.—KAMBOVE, ONE OF THE MINES OF THE UNION MINIDRE. 


trek through the bush with a native safari of about 120 boys, and covered 
the period from Aug. 12 to Dec. 24. The trip involved a journey on 
foot (Fig. 1) and cycle of about 500 miles, and included visits to four 
operating mines and about 43 prospects. The mines were surveyed, 
mapped, described and sampled to the extent that outcrops and existing 
development and old native workings permitted. The mine at Kambove 
is shown in Fig. 2, The conclusions drawn from the results of the inspec- 
tion trip can be summarized as follows: 

1. It was estimated that the mines visited would yield an ore of an 
average grade of 6.5 to 7 per cent. 


ARCHER E. WHEELER AND H. Y. EAGLE 611 


2. It was estimated that the amount of direct smelting ore which 
would result from mining operations would be small, probably not over 
8 per cent if a grade of 15 per cent were required. 

3. Practically all the ores were completely oxidized, the predominating 
mineral being malachite, with very minor amounts of azurite, chrysocolla, 
cuprite, native copper and occasional evidences of sulfides. 

4. A remarkable similarity existed in the ores from the various 
deposits. The copper mineral was mainly found in shales, sandstones and 
quartzose association, which were siliceous in character. 

5. It was obvious that any scheme of treatment recommended must 
be one to treat ores of a much lower grade than the existing Katanga 
practice of direct blast-furnace smelting of ores carrying 14 per cent 
or more of copper. 

6. Sufficient ore was in sight in mines close to the railroad to justify 
the erection of a low-grade treatment plant. 

7. The character of the ore occurrence and the lay of the ground at the 
various mines indicated that cheap steam-shovel mining could be applied 
in most cases for a low-grade treatment program. 

The next step in the investigation was the study of a scheme of 
treatment, the methods naturally presenting themselves being: 

1. Smelting of ores direct from the mine. 

2. Water concentration, or flotation concentration, followed by 
smelting of the concentrates. 

3. Leaching. 

4, Combinations of any or all of these. 

The desirable treatment, of course, was one to which all ores were 
commercially amenable, thus requiring only one type of plant and 
obviating all selective mining. As a necessary preliminary to a compari- 
son of these methods, a thorough study was made of local conditions, and 
the development of unit costs to use in the estimates. This involved the 
following principal points. 

1, Transportation costs on fuels, fluxes, ores, concentrates and copper. 

2. Cost of white and native labor, including housing, traveling 
expenses and allowances. 

Investigation of the available water power sites in the concession. 
Cost of power from wood as fuel and coal as fuel. 

. Cost of power from the various possible hydroelectric developments. 
. Cost of operating and repair supplies. 

. Cost of mining, by various methods. 

With these figures as a basis, complete direct smelting calculations 
and production costs were worked out for all the different types of ores 
from the various mines. From the results of these calculations, the 
general conclusion was drawn that ores to be profitable for direct smelting 
under the existing conditions should contain from 10.5 to 13.5 per cent 
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copper, depending upon the kind of ore. In order to furnish a reasonable 


margin of profit, somewhat higher grades than these would be required. 
In view of the probable small yield of this grade of ore from mining opera- 
tions, it was obvious that direct smelting by itself did not furnish the 
solution of the problem. ns 


CONCENTRATION AND LEACHING TESTS 


As no data existed as to the amenability of Katanga ores to concen- 
tration, it was necessary to do a great deal of experimental work along 
this line. The work was started in the laboratory on a very small scale, 
with hand-operated equipment. Later these were supplemented by tests 
on a larger scale run in a small test plant erected for the purpose, which 
provided facilities for hand picking, screening, jigging and tabling with 
the necessary intermediate crushing steps. Based on the test results, 
detailed smelting calculations and operating costs were worked out for 
the concentrates of various grades, as produced from the various ores. 
The general conclusions drawn from this work were as follows: 

1. All the different types of Katanga ores can be enriched by water 
concentration, but generally with comparatively poor recoveries. 

2. Most ores of a grade less than 12 per cent need to be enriched to 
be made to pay. 

3. The best average grade of concentrate to be produced is around 
25 per cent Cu. 

4. The greatest economy in operation lies in concentrating the ore 
as close to the mine as possible. 

5. Under the then existing conditions, the existing smelter at Lubum- 
bashi was the most economical place to smelt the concentrates. 

6. In the state of the art, as it then existed, oil flotation held out no 
promise for the concentration of Katanga ores. 

In order to determine the possibilities of the leaching process, small- 
scale tests were first instituted in the laboratory. These included upward 
and downward percolation leaching tests, upward and downward per- 
colation washing tests, bottle agitation tests and decantation washing 
tests. On the basis of the data obtained from these tests, a small experi- 
mental plant was built and the small-scale tests were supplemented by 
tests on a larger scale. The general conclusions drawn from the results 
of this work were as follows: 

1, Downward percolation of the solution through the total ore is 
not possible with Katanga ores of any allowable size. 

2. Downward percolation is possible if materia] finer than 200 mesh 
(0.074 mm.) is removed. 

3. Upward percolation of solution through the total ore is not possible 
keeping the slimes in the upward percolation system. 
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4, Leaching by all agitation is indicated as the most feasible method 
for a simple flow sheet. 

5. The copper in the company’s oxidized ores is almost completely 
soluble in sulfuric acid solutions. 

6. The strength of solution required to effect the solution is low, and 
the solutions can be used effectively at ordinary temperatures. 

‘7. Any size of ore from 3 mesh (6.680 mm.)down can be treated in a 
reasonable time. 

8. The time required for leaching is short; approximately 48 hr. for 
3-mesh (6.680-mm.) material, and 9 hr. for 10-mesh (1.651-mm.) material 
being indicated. 

9. The chemical consumption of sulfuric acid is not excessive, an 
average of 0.04 kg. per kilogram of gangue being indicated as an average 
for all ores treated. 

10. Continuous counter-current decantation is indicated as the most 
feasible means of recovery of values in entrained solution in the tailings. 

11. In general, it appears entirely practicable to treat all grades of the 
Katanga ores by sulfuric acid leaching, as far as getting the copper into 
solution is concerned. 

In determining a method for recovering the copper from the leaching 


solutions, consideration was first given to various possible chemical 


precipitants for copper, such as scrap iron, sponge-iron, lime, hydrogen 
sulfide and sulfur dioxide. Under the existing local conditions and the 
type of solution proposed, none of these held out any promise of furnish- 
ing a commercial solution of the problem. Accordingly, attention was 
concentrated on the recovery of the copper from solution by electrolysis 
with insoluble anodes. As soon as solution became available from the 
leaching tests, experiments were started on electrolytic deposition. Tests 
were run using (1) Antisell basket anodes (carbon); (2) Antisell coke- 
faced lead anodes; (8) plain lead anodes. 

A long series of tests was run to determine the effect of depolarization 
of the anodes by introducing SO, gas into the solution. Tests were also 
run to determine the effect of impurities in the solution on the electrolysis 
and the probable practical limits of iron in solution. The general con- 
clusions drawn from the test work were as follows: 

1. Copper can be recovered readily from the sulfuric acid leaching 
solutions by electrolysis with insoluble anodes, and in a high degree 
of purity. 

2. Carbon anodes of either the basket or coke-faced type disintegrate 
unless they can be completely depolarized. 

3. Depolarization with SO: is partly effective with carbon anodes, 
but not sufficiently so to prevent them from disintegrating. 

4. Introducing SO; into the solution results in very little depolariza- 
tion of plain lead anodes. 
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5. Plain lead anodes are quite suitable for use in the solutions, and 
while the required voltage is high, ampere efficiencies are high, and the 
pounds of copper per kilowatt-hour are reasonable. 

6. None of the impurities which accumulated in solution have any 
marked effect on electrolysis, except iron. 

7. The presence of ferric iron in the electrolyte in any considerable 
quantity results in low ampere efficiency. When small in amount, its 
effect is not marked and a concentration of 3 grams per liter in the 
electrolyte was fixed as a probable practical operating condition. | 

Using the results of this test work as a basis, complete treatment costs 
by leaching were worked out for the Katanga ores of various grades. 
These were supplemented by comparisons of the costs by the various 
treatment schemes, from which it was concluded: (1) that leaching offers 
the most profitable method of treatment for the large bulk of Katanga 
ores; (2) that ores of a much lower grade can be treated at a profit by this 
method than by any of the other methods; (3) that leaching is the only 
scheme that does not involve a great deal of expensive selective mining. 

The complete details of the results of the inspection trip, test work and 
calculations were embodied in a voluminous report which was completed 
and submitted to the Board of Directors in August, 1916. As a final 
conclusion to this report, Mr. Wheeler recommended the adoption, in 
principle, of leaching as the basis of the future treatment program, and 
the immediate installation of a plant of large capacity. 


4000-ToN CoNcCENTRATOR 


While these investigations were in progress, the world war began, and 
it was necessary to move the company’s head office from Brussels to 
London, where it was operated until after the armistice, in conjunction 
with the offices of the British Associates of the Union Miniére du Haut 
Katanga, Messrs. Robert Williams & Co., now Sir Robert Williams & Co. 
The Board of Directors approved Mr. Wheeler’s recommendations in 
principle and authorized him to get out the designs of a large treatment 
plant, together with estimated construction and operating costs. Since 
war conditions at this time rendered it impossible to procure in London 
the necessary engineering force for this work, Mr. Wheeler was com- 
missioned to return to the United States and carry it out there. He and 
Mr. Snow established offices in New York in December, 1916, and 
assembled an engineering force under H. Y. Eagle, electrometallurgist, 
who had been associated with the Engineering and Electrolytic depart- 
ments of the Anaconda Copper Mining Co. at Anaconda and Great 
Falls, Mont. Preliminary designs and estimates for a leaching-electro- 
lytic plant to produce 30,000 metric tons of copper per year were 
immediately put in hand, and the estimated construction and operating 
costs submitted to the Board in October, 1917. War conditions, with 
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the attendant high prices of materials, freights and insurance, resulted in 
an estimated construction cost of some $20,700,000 for the treatment 
plant and necessary water-power development, and the board decided 
that this major project would have to be laid aside until the end of the 
war and until more normal price conditions prevailed. 

At about this time it became apparent that unless steps were taken 
to provide additional sources of supply for the existing blast-furnace 
operations, the exhaustion of high-grade direct smelting ores would make 
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Fig. 4.—LoADING CONCENTRATES FROM BINS TO CARS. 


it necessary to cut the company’s output of copper. This, with the war 
going on and all the company’s output being turned over to the British 
Ministry of War Munitions for war purposes, was not to be thought of. 
The matter of building a concentrator to treat ores below smelting grade 
and supply concentrates suitable for the smelter had been under con- 
sideration for a long time. The experimental work in Katanga had 
shown the project to be possible, though the recoveries were such that the 
method under normal conditions would represent abortive metallurgical 
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practice. In view of the necessities of the situation | act the 
tailings could be impounded for future leaching, Mr. Wheeler rec 
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tion of a 4000-ton concentrator at Panda, and the Board approved the 
project in November, 1917. The engineering force in New York 
was at once started on the work, and the purchase and shipment of 
material was accomplished as fast as war conditions would permit. The 
designs, purchase and shipment of material were completed by the end of 


mended, as a lower cost alternative to the leaching scheme, the installa- _ 
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1918, construction carried out during 1919 and 1920, and the plant put 
into operation in the middle of 1921. (Fig. 3.) 


EXPERIMENTAL LEACHING PLANT 


Since the concentrator installation provided means for the desired 
expansion of the company’s output for some years to come, time was 
afforded for a more leisurely consideration of the leaching project. The 
capital expenditure for the latter installation was so large that it was 
felt that a commercial demonstration of the process would be desirable 
to expedite its eventual financing. Mr. Wheeler, therefore, while the 
design of the concentrator was in progress, recommended the construction 
of the smallest unit that could use machines of commercial size of the 
type proposed for the large plant. The Board approved the design of 
such a unit in November, 1918, and authorized its construction in March, 
1919. The work of design was started as soon as men became available 
from the concentrator design work, and the purchase and shipment of 
; material was completed early in 1920. Construction was carried on in the 
field as fast as men became available from the concentrator construction 
force, and the plant was completed by the middle of November, 1921. 

The crushing divisions of the concentrator were utilized to crush the 
ore for the experimental plant and the ore stored in, and drawn from, one 
end of the concentrator bins. The plant had a capacity of about 
100 metric tons of cathode copper per month. It consisted of a drying 
unit, a dry-crushing unit, storage bins for ground ore, a wet-grinding unit, 
a leaching and filtration unit, an electrolytic tank house, and a small 
chamber sulfuric acid plant to furnish the necessary acid. Facilities for 
wet grinding in water were supplied as an alternate to dry grinding. 
Since this method involved an addition of water to the circuit, an evapo- 
rator was provided to remove this water from the leach solution. The 
fact that in practice the solutions normally ran at saturation in certain 
impurities rendered the evaporation scheme impractical, and this 
alternate was never used. The flow sheet of the plant as operated is 
given in Fig. 5. The principal features in which it departed from exist- 
ing hydrometallurgical practice in copper are as follows: 

1. The process is continuous, not batch. 

2. Leaching is accomplished by agitation instead of percolation, this 
being dictated by the character of the Katanga ores. 

3. Continuous washing of sand tailings is accomplished in multideck 
Dorr classifiers arranged counter-current. 

4, Continuous washing of slime tailings on vacuum filters was installed 
on the basis of tests run by the manufacturer on Katanga ores. This 
was substituted for the original idea of installing counter-current decanta- 
tion, one or the other of which methods was dictated by the character 
of the Katanga ore. The filtration method, if practicable, involved a 
much smaller initial capital expenditure than decantation. 
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5. Provision was made for a continuous system of. purification! by 
neutralization of a part of the solution with original ore or concentrates, 
to maintain the iron content of the solutions at a practical operating figure. 

6. Electrolytic tanks? were installed which utilized in their design a 
principle not previously recognized. 

The general arrangement of entire plant is shown in Fig. 6. A com- 
plete description of the electrolytic tank house is contained in another 
paper? and can be found elsewhere. 

The experimental leaching plant was put into operation in November, 
1921, and operated from then until the end of August, 1922, under the 
immediate direction of Mr. Eagle. Numerous difficulties were encoun- 
tered in the early stages of the work, due primarily to the following 
causes: (1) inability of the agitators to handle the 35-mesh material 
promised by the manufacturer; (2) inability of the filters to handle the 
slimes tailings; (3) failure of much so-called acidproof equipment in the 
corrosive solutions. 

The agitators would not progress the coarse material in the pulp and 
the accumulation of this material quickly plugged the first agitator in 
the series. After the system had been dug out a number of times, 
it became apparent that the agitators simply could not do the work. 
Experiments were then started with various expedients to progress the 
coarse material through the tanks. A simple attachment? for the agita- 
tors was finally developed, which did this so effectively that the fineness 
of the grinding was decreased to 20 mesh, and even small quantities of 
accidental coarse oversize up to 4 in. caused no trouble. Experiment 
proved the device effective for agitators of the Dorr or Pachuca types. 

In spite of the fact that laboratory tests by the manufacturer with 
Katanga ores had indicated the vacuum filters as being capable of han- 
dling the slime, actual operation did not confirm the results of these tests. 
Excellent vacuum conditions could be maintained on the filters and the 
cake that formed did not crack, but after building up to about 1¢ in. in 
thickness, the filtration stopped. The washing of this cake, too, was 
ineffective, because of its impervious character. Since a cake of this 
thickness was not practical, it was necessary to revert to the original 
plan of counter-current decantation to effect the washing. The purifica- 
tion thickener was converted for a time into a washing thickener and 
run long enough to demonstrate the feasibility and effectiveness of this 
type of washing. During the test work, such slime tails as were not 
handled by the filters or washing thickener were discarded directly from 


the thickener spigots. 


1U. 58. Patent 1703435. 
2U. 8. Patent 1431574. 
3’ Trans. Amer. Electrochem. Soc. (1924) 45, 365. 
4U.S. Patent 1651680. 
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extremely cc 
brass and bronze in contact with them went into solution with unbel 
able rapidity. The bronze bolts in the leaching mechanisms, scrapers ¢ 
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Taste 1.—Details of Experimental Leaching Plant Operations 
QUANTITIES AND AVERAGE GRADE OF ORES TREATED 
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valves of the filters, bronze filtrate pumps, etc., etc., all failed in quick 
succession, and had to be replaced by lead parts or steel parts covered with 7 
lead. The work developed the fact that only lead, duriron, rubber, 
asphalt mastic, glass and porcelain could safely be used in contact with 


| 
the solutions. Later experiments added to the above list several alloys { 
of the chrome-nickel-iron series. 
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The various troubles encountered were gradually eliminated and the 
plant put on as nearly a regular basis of operation as the various lines of 
the experimental investigation permitted. The principal features of 
the experimental work are given in Table 1. . 

The copper content of all these ores must be rather startling to men 
accustomed to think in terms of the ores of the United States. The 
original survey of the company’s mines had indicated that the average 
grade of ore would be approximately 6.5 per cent Cu, and that grade 
was requested for the experimental work. The mining department’s 
attempts to meet the request resulted as shown in Table 1. One note- 
worthy effort was made to furnish the low-grade ore asked for, by mining 
a so-called low-grade ore and diluting it with barren material. 
Unfortunately, the barren material happened to be largely calcite and 
dolomite and when this material struck the leaching solutions, its effect 
can well be imagined. After this experience, straight ores were requested 
of as low a grade as the existing mining development permitted, and 
calculations depended upon to interpolate the results to the eventual 
average ore conditions. 

As will be noted from the flow sheet, the tailings discharged from the 
plant are a sand tailing, an acid slime tailing and a purification slime 
tailing. Due to the inability of the filters to handle the slimes, and to the 
experiments with counter-current washing, the acid slime tails were dis- 
charged in three different ways during various periods of the investiga- 


TaBLE 2.—Average Analyses of Tailing Products 


| oe ade eben Weal Cpe 
| Sand Tails | Acig,toter S pict Thickener | Hier Gabe 
AVERAGE CoMPOSITION OF TAILINGS, PERCENTAGE OF Dry SoLips 
Ciaer es uke. Su: ke mw O34 0.245 0.176 0.169 2.40 
SiQsnee ae... fh te 84.20 | 68.56 75.41 74.62 | 64.91 
Ze ed COME haematite ame 4.65 | 10.36 8.77 9.01 11.40 
RC retasraie teres S hor. 2°65. 4.14 2.99 | 3.40 3.94 
CEO B55 cinbeanast as liepeneae 1.20 —| 1.32 | hice iti 1.31 0.88 
MeO ee aT | -~3.08 0 ill le ok Fi leat 5.47 
PERCENTAGE OF WET PuLpP 
Solution per cent.. 30.25 31.79 | 50.61 50.96 40.83 
ENTRAINED SOLUTION, CONTENTS IN GRAMS PER LITER 
Sigs a eee hee aia ge CA | 34.34 | 24.09 31.08 
Free H2SO,....... 0.12 | 4.90 | 4.30 0.96 0.00 


TABLE 2 eatin 
AVERAGE ScrpEN ANALYSES, CUMULATIVE PERCENTAGE 


Mesh Sand Tailings | Acid Slime | Furifeste 

+ 28 9.13 0.01 

+ 35 22.16 0.08 

+ 48 39.47 0.25 0.05 

+ 65 63.09 0.80 0.16 

+100 78.29 3.01 0.29 

+200 93.29 13.80 4.02 
Notalsss casa asit =: Aas 100.00 100.00 100.00 


tion: viz., as acid filter cake, acid thickener spigot and washing thickener 
spigot. The average analyses of all the tailing products are given in 
Table 2 J 

The test results of the experimental plant indicated that the copper 
content of all the ores was readily soluble in sulfuric acid solutions, the 
average extraction (copper into solution) for all the ores treated being 
97.44 per cent. An agitation time of 4 hr. was found to be sufficient to 
extract the copper from —20-mesh material. Inasmuch as the greater 
part of the slime tailings was discarded directly from the acid thickener 
spigot with no washing, the losses in entrained solution were very high and 
he over-all recovery was only about 80.31 per cent. The experiments 
and calculations on washing, however, demonstrated that this washing 
loss could be cut down by counter-current decantation to any desired 
figure which would justify the required initial capital expenditure. 

During the experimental period, a total of 426 metric tons of cathode 
copper was produced. ‘Table 3 shows averages of operating conditions. 


TaBLE 3.—Averages of Operating Conditions and Analyses of Solutions 
426 Metric Tons Cathode Copper Produced 


Cathode current density, amps. per sq. m................... 98.24 
Cathode current density, amps. per sq. ft.................05 9.13 
Ampere.efiiciency, per Goite: 25% 5c es ede a ee ee 83.33 
Copper; kgoper kw-hr. onde dae 3 cl gghoaeete eds. oe en 0.508 
Copper, Ib. per leyrstiii iain ithe de tig 1.120 


TyPicaAL ANALYSES OF SOLUTIONS TO AND FROM ELECTROLYTIC TANK House 
ee ee 


F. ? , ’ 
HisO. Cu Total Ferrous Fernie AlzOs | MgO | CaO 
Solution from leaching plant, | | 
grams’per liters... sen. i: es EL ee 2. See 10 7 1 
Solution return to leaching | 
plant, grams per liter..... 60 | 15 15) 3 2 10 7 1 
i eee 
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The solutions at times carried considerable slime in suspension, owing 
to the slow settling properties of some particular ore, and some of this 
was mechanically entrapped in the deposited cathodes. The copper 
itself was of high electrolytic grade, and on subsequent furnace refining 
yielded wire bar of high quality. The slime content of the cathodes 
rendered them soft and brittle and unsuitable for regular shipment to 
Europe. For this reason fire refining of the cathodes was indicated as a 
necessary part of an eventual treatment plant in Katanga. 

Tests in the purification section indicated that with ordinary copper 
ore in excess, an agitation time of 17 hr. in the purification agitators 
would give an effective elimination of Fe and Al.03 from the leaching 
solutions. It was also demonstrated that the acid combined with the 
precipitated material was regenerated and used for dissolving copper. 
With the equipment as installed the purification tailings were rather 
high in grade, but tests showed that with proper control of the ore excess, 
and a finer point of classification on the purification classifier, this grade 
could readily be maintained below 1 per cent. This, in view of the 

small quantity of purification tailing produced, was considered quite 
3 satisfactory. Typical assays of solutions to and from the purification 
| agitators are given below: 


’ Solution to Purification,| Solution from Purifica- 
Grams per Liter tion, Grams per Liter 

(HT Skate ar Ep SR a en ore I 35 56 

Cg 2! Sep penal wtp alt ect toils fbn Retest | 15 | 0 

He feotals O09. 909. MAI AT Tae, AS | 5 2 

ALLO s wie. ORE GL VUES. aialaoccd.. | 10 6 


The purification method used is not a new idea insofar as neutralization 
for precipitation of iron and alumina is concerned, but the experimental 
plant is the first, within the writers’ knowledge, that has successfully 
applied it. The fact that ore in excess will precipitate iron and alumina 
from copper leach solutions has been known for a long time, but the 
loss of copper in the excess precipitant, and the re-solution of the pre- 
cipitate in some subsequent step in the process, has always caused the 
idea to be discarded. The first difficulty was removed by classifying 
the pulp from the neutral agitators and sending the sands, which contain 
the great majority of the excess copper, to the acid circuit, where it is 
recovered. The second difficulty was eliminated by sending the neutral 
classifier overflow, which contains practically all the precipitate, to a 
separate thickening-washing circuit which is always maintained at neu- 
trality. These two simple expedients rendered the scheme operative 
and furnished an effective means for controlling the iron content of 


the solution. 


~ 


He 
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The consumption of sulfuric acid in the experimental plant confirmed 
the results of the earlier test work, the average chemical consumption 
for all the ores treated averaging 0.0376 kg. per kilogram of gangue. Due 
to the fact that most of the acid slimes were discharged from the acid 
thickener spigot with no washing, the entrained losses during the test 
period were high. As a result of this the total acid consumption for the 
entire period was 0.791 kg. per kilogram of copper recovered. ‘The tests 
and calculations on counter current washing indicated that the washing 
loss could be cut down by this means to any desired figure which would 
justify the initial capital expenditure. 

By the end of August, 1922, all necessary points bearing on the design 
of a large plant had been determined, the plant was at that time turned 
over to the operating management, and the consulting engineer’s staff 
returned to New York. It is interesting to note that while the small 
plant was operated by the African organization from 1922 to 1929, no 
change was developed in the flow sheet which was submitted after the 
first nine months of work. 


30,000 Metric Tons Panna Leacuine PLANT 


The results of the experimental leaching plant were so satisfactory 
that the Board of Directors immediately authorized the final designs of a 
plant to produce 30,000 metric tons of wire bar per year, and this work 
was at once put in hand in the New York office. Estimates of construc- 
tion and operating costs of the new plant were submitted in April, 1923, 
but the construction of the plant was not approved until March, 1925. 
A combination of circumstances then united to delay the construction 
of the plant, which could have been completed easily in two years. In 
the first place, the work was turned over to the company’s newly devel- 
oped African construction department, and, at the same time, the con- 
struction of a large reverberatory plant was authorized, the two projects 
to be carried-on simultaneously. It was soon found that more had been 
undertaken than could be accomplished, and work on the leaching plant 
was finally stopped altogether until the reverberatory plant was com- 
pleted, therefore the leaching plant was not ready to begin work until 
April, 1929, and was not really completed until the early part of 
1930. 

The flow sheet about which the 30,000 metric ton Panda leaching 
plant is designed is given diagrammatically in Fig. 7, and indicates the 
character of the equipment and the quantities of flow. The principal 
differences between this flow sheet and that of the experimental plant, 
which were developed by the test work, are as follows: 

1. Ore bedding was substituted for bins for the storage of crushed 
ore. This was done both because Katanga ores are extremely difficult 
to handle in bins in the wet season, and also because it was desirable 
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2. Rod mills were substituted for ball mills for dry grinding and the 
fines scalped from the feed to the mill. Both these features were adopted 
to increase the amount of sand tailings from the ore. This was desirable 
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on account of the higher washing efficiency obtained with sands in the 
classifier than with slimes in the thickeners. 

3. The primary classifiers in the acid section were made of the bowl 
type instead of standard, in order to increase the amount of sand tailings, 
for the reasons given above: 

4, The purification classifier was made of the bowl type to increase 
the amount of sand discharge, and to attain the consequent lowering 
of grade of the purification slimes. 

5. Counter-current washing was installed for recovery of solution 
values in entrained solution in slimes tailings. Three washes were 
decided upon for the initial installation, but the plant so laid out that 
more could be added in the future if conditions warranted it. 

6. The electrolytic tanks were made somewhat longer but were 
arranged with three electrical groups instead of five. 

7. Starting sheets were made from soluble anodes in a separate solu- 
tion circuit, instead of with insoluble anodes from the leaching solution. 
This was done because it was a more certain method of regularly making 
satisfactory sheets, and also because it permitted the lowering of the 
grade of the solutions in the leaching division and thus decreased the 
washing losses. 

8. A furnace refinery was installed to convert the cathodes into wire 
bar, to make the starting sheet. anodes, and incidentally to furnish a 
product quite suitable for shipment to Europe. 

A short description of each of the departments of the plant is given 
below. Fig. 8 shows a general plan. The plant is substantially built 
throughout, of good materials. The construction lumber is Pacific 
Coast fir; brick and cement are of the company’s local manufacture; 
structural steel and most of the machinery not specifically identified are 
of Belgian manufacture. The plant is arranged so as to permit it to be 
extended on the present site to double its initial capacity of 30,000 metric 
tons of wire bar per year. 


Crushing and Grinding 


The primary crushing building is a steel-frame structure 45 ft. 
0 in. by 47 ft. 2in.in plan, sheathed and roofed with corrugated galvanized 
steel. It has four operating floors. The character of the crushing and 
screening equipment, which is of Allis-Chalmers manufacture, is indicated 
in the flow sheet (Fig. 7). The building is served by a double-track steel 
trestle 56 ft. 514 in. maximum height by 378 ft. 0 in. long, by which the 
ore is brought to the receiving hoppers in standard (38 ft. 6 in. gage) drop- 
bottom railroad cars. A 20-ton hand-power crane over the crusher 
provides facilities for heavy repairs. 

The secondary crushing building is a steel-frame structure, 40 ft. 0 in. 
by 57 ft. 0 in. in plan, sheathed and roofed with galvanized corrugated 
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steel and arranged with five operating floors. The crushing and screening ~ 


equipment is as noted on the flow sheet and is of Allis-Chalmers manu- 
facture. I-beam crawls and Yale & Towne trolleys and chain blocks 
over the various machines furnish means for heavy repairs. Conveyors 
bring the ore from the primary crushing and deliver the crushed product 
to the ore-bedding system. b.. 

The ore-storage building is a steel-frame structure 198 ft. 0 in. b 
304 ft. 0 in. in plan, roofed and sheathed with galvanized corrugated 
steel and provided with two main operating levels. It consists of three 
bays, each housing an ore pile which is built up by the discharge of the 
self-propelling, self-reversing tripper on the conveyor above. Ore is 
reclaimed from the pile by a standard Messiter reclaimer, as manu- 
factured by the Robins Conveying Belt Co., and is delivered by con- 
veyor to the dryer bins. One pile is being built, one being fed, and the 
other standing by at any one time. A transfer car is provided to shift 
the reclaimers from one pile to the other. The conveyors in this division 
as well as throughout the rest of the plant, are equipped with ball-bearing 
idlers of Stephens-Adamson manufacture, and the belting was supplied 
by the Goodyear and Goodrich companies. Weightometers, from the 
Merrick Scale Co., are provided wherever necessary, to indicate and 
record the tonnage handled by the conveyors. 

The drying and grinding building is a steel-frame structure, 114 ft. 0 in. 
by 140 ft. 0 in. in plan, sheathed with corrugated galvanized steel, 
roofed with wood decking covered with built-up roofing, and arranged 
with four main operating levels. The character of the equipment is 
indicated in the flow sheet, the dryers being furnished by the Ruggles- 
Coles Mfg. Co., the rod mills by the Allis-Chalmers Mfg. Co., and the 
vibrating screens by the W.S. Tyler Co. The rod mills are provided with 
individual synchronous motor drive through a Cutler-Hammer magnetic 
clutch. A 20-ton hand-power traveling crane over the mills provides 
facilities for heavy repairs. 

The bins, holding 2000 metric tons, are of heavy steel construction, 
20 ft. 6 in. by 95 ft. 0 in. in plan by 35 ft. 0 in. high. The bin bottom is of 
the catenary suspension type. An exhauster fan maintains the atmos- 
phere in the bin at a small negative pressure, and this eliminates to a 
great extent the dust nuisance from the vibrating screen operations, 


Leaching Division 


The agitator building of the leaching division is a steel-frame struc- 
ture, 102 ft. Oin. by 115 ft. 6 in. in plan, sheathed with asbestos-protected 
metal, roofed with wood decking covered with built-up roofing, and 
provided with three main operating levels. Agitators are of the standard, 
cone-bottomed Pachuca type, built of steel and lined with 10-Ib. chemical 
lead sheet. They are equipped with the device developed to progress 
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coarse material through the tank, and provided with an air supply of 
about 30-lb. gage, controlled from the main operating floor. The agi- 
tators are arranged in five acid sections of four in series, and one purifica- 
tion section consisting of two rows of four in series, arranged in parallel. 
The solution from the electrolytic tank house flows to the agitator build- 


Fig. 9.—AGITATORS AND CLASSIFIERS UNDER CONSTRUCTION. 
Fic. 10.—THICKENER SECTION UNDER CONSTRUCTION. 


ing by gravity and is distributed to the five acid sections by means of a 
five-compartment weir box. The solution to each section joins the ore 
feed to that section in a mixing box immediately ahead of the first 
agitator in the series. The solution feed to the purification section is 
pumped from the first storage thickener in an amount necessary to 
maintain the total iron content of the solutions at approximately 6 grams 
per liter. Fig. 9 shows agitators and classifiers under construction. 

The classifier building of the leaching division is a steel-frame struc- 
ture, 109 ft. 6 in. by 99 ft. 0 in. in plan, sheathed with asbestos-protected 
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metal, roofed with wood decking covered with built-up roofing, and 


provided with two main operating levels. The classifiers are arranged in 
six sections, five of which correspond to the five acid agitator sections, 
and one spare. Each section consists of a primary bowl classifier, fol- 
lowed by and built integral with a three-deck washing classifier. The 
sands are progressed successively through the four decks, which are 
arranged for counter-current washing, and the discharge from the last 
washing deck is the finished sand tailing. Water is added in the last 
washing deck in an amount equal to the entrained solution in the sands 
from this deck. The bowl-classifier overflow is laundered to the primary- 
thickener feed wells. The classifier tanks are constructed of reinforced 
concrete lined with 2 in. of asphalt mastic. The mechanisms are of 
steel, and where in contact with solution, are covered with 12-lb. chemical 
lead sheet. The rake blades are of duriron. 

The thickener section of the leaching division consists of twenty- 
eight 70-ft. dia. Dorr thickeners, arranged on 75-ft. centers in both direc- 
tions, in five horizontal benches, each bench 3 ft. 4 in. lower than the 
one above. There are six thickeners in each of the four top rows and 
four thickeners in the bottom row. The top row is the third wash, the 
next lower row is the second wash, the next lower row is the first wash, 
and the next lower row is the primary thickener. The first row of thick- 
eners on the left looking up the hill is the purification section. The other 
five rows of thickeners are acid thickener sections corresponding to the 
same division in the agitator and classifier sections. One thickener in 
the bottom row is a spare used to hold the contents of any thickener 
that must be emptied for repairs; one is a clarifying thickener, which 
receives the overflows of all the primary acid thickeners, and the other 
two are simply solution-storage tanks. Each thickener is roofed individ- 
ually and walkways are provided over the top connecting all the thick- 
eners. This superstructure is of steel framing and the roofing of 
corrugated-galvanized steel; walkway floors are of wood. The thickener 
tanks have concrete bottoms, steel sides and are lined with 8-lb. chemical 
lead sheet. Under each row of thickeners up and down the hill is a 
concrete tunnel which provides access to the cast-lead discharge cones, 
valves and piping, and which terminates in a sump and pump house. 
The latter provides facilities for disposal of pulp and solution drained 
from the tanks. The thickener mechanisms are constructed of steel 
with wood extension arms, the steel being covered with 12-lb. chemical 
lead sheet wherever in contact with the solution. Duplex Dorrco pumps 
progress the spigot discharge up the hill from one tank to the next, and 
the solution overflow flows by gravity from one tank to the next. Wash 
water is added in the last washing thickeners in an amount equal to that 
discarded as entrained solution in the finished slime tailing from this 
thickener. The feed to the five acid thickeners is distributed by a five- 
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compartment weir box and launder systems. Launders throughout. x 


the plant are of wood, lined with 6-lb. or 8-lb. chemical lead sheet, and 
where necessary are provided with renewable wood liners to protect the 
lead. Tailings are laundered to a gully below the plant site, which leads 
to a tailings pond constructed toimpound them. Fig. 10 shows thickener 
section under construction. 

Two small pump houses of brick and steel construction are provided 
near the thickeners, one to pump the solution from the last storage tank 
to the electrolytic tank house, the other to pump the solution for purifica- 
tion from the first storage tank to the purification agitators. Direct- 
connected electrically driven duriron centrifugal pumps are used, 8 
by 6 in. for the first service and 6 by 4 in. for the latter. The sumps in 
the thickener tunnels and the agitator basement are also equipped with 
6 by 4-in. duriron centrifugal pumps. All solution piping under high 
head is of steel, lead lined, and low-head piping is of extruded chemical 
lead. The sheet lead and pipe for the plant were fabricated in the com- 
pany’s own rolling and extruding mill, erected for the purpose. The 
pig lead was shipped in from the Broken Hill smelter in Rhodesia or 
from Europe. 


Electrolytic Plant 


The electrolytic tank house is a steel-frame structure, 266 ft. 6 in. 
by 405 ft. 0 in. in plan, sheathed with asbestos-protected metal and 
roofed with a wood deck covered with built-up roofing. The building 
is arranged with four crane aisles with a crane transfer at one end, to 
provide means for shifting cranes from one aisle to the other. The 
main operating floor is all on one level, and a basement is provided with 
ample head room for tank inspection and launder installation. There 
are 160 electrolytic tanks in the building, each 62 ft. 6 in. long, 3 ft. 
214 in. wide and 4 ft. 214 in. deep inside (Fig. 11). The tanks are of 
reinforced concrete lined with 2 in. of asphalt mastic, and are equipped 
with a feed pipe at one end, an overflow dam at the other, and a hard 
lead plug and seat in the bottom for draining and cleaning out. The 
solution pumped from the leaching division is split into two equal parts 
by a weir tank in which the sulfuric acid requirement of the process is 
added continuously. The solution from the weir compartments is 
laundered to two constant-head tanks from which hard rubber header 
and riser pipes distribute the feed to the individual tanks. The over- 
flow solution from the tanks is collected by a launder system in the base- 
ment and laundered through a tunnel to the agitator section of the leaching 
division. Conductor bars 2 by 65¢ in. in cross-section are supported on 
wood insulating strips on the tank walls. The electrodes are arranged in 
three separate electrical groups in each tank, the groups being in series 
and the electrodes in multiple. The entire tank house is laid out in 


ARCHER E. WHEELER AND H. Y. EAGLE 637 


two main electrical circuits, each taking normally 8000 amp. at about 
460 volts. The center point of each electrical system is grounded through 
a low resistance in order to protect the workmen from injury. Sixteen 
of the electrolytic tanks are equipped so that they can be fed with a 


Fia. 12.—ELEcTROLYTIC TANK HOUSE UNDER CONSTRUCTION. 
Fic. 13.—TANK-HOUSE INTERIOR UNDER CONSTRUCTION, 


separate circulation of pure solution, and enough of these tanks are so 
used to produce the necessary starting sheets from soluble anodes. The 
remainder of the tanks are equipped with insoluble anodes of hard lead. 
Electrodes are handled to and from the tanks by 5-ton tank-house cranes 
of the stiff-leg type. Forty-eight-hour starting sheets are stripped on 
racks at the end of the building, looped on standard Morrow clip machines, 
flapped on tables and suspended in racks ready for charging by the crane. 
Finished cathodes, 10 to 14 days old, are drawn from the tanks by the 


crane, spray-washed and unloaded on cathode loading machines ao 
the Great Falls type, which deposit them in piles on cars going to the © 
furnace refinery. Figs. 12 and 13 show the electrolytic tank house ~ 
under construction. 


Furnace Refinery 


The furnace refinery building is a steel-frame structure, 124 ft. 8 in. 
by 234 ft. 0 in. in plan, sheathed and roofed with corrugated galvanized 
steel, and arranged with two operating levels. The building is equipped 
with two 130-ton refining furnaces, each provided with a 38-ft. dia. 
casting wheel of the Clark type, together with bosh and inspection con- 
veyors. The charging bay is served by a 7000-lb. charging crane, made 
by the Wellman Engineering Co., and the casting bay by a standard 5-ton 
crane. An outside runway equipped with a standard 5-ton crane pro- 
vides handling facilities over the storage and shipping yard. The fur- 
naces were originally designed for grate firing, but on installation were 
equipped for pulverized coal firing with Heyl and Patterson burners and 
feeders. The furnaces are constructed with air-cooled brick bottoms; 
each has its individual stack, but no waste-heat boiler. A small coal- 
pulverizing plant is next to the furnace refinery. Wankie coal from 
Rhodesia is dried in a rotary shell dryer, pulverized in conical air-swept 
ball mills and delivered to the furnace bins by screw conveyor. 


Acid Supply and Electric Power 


Sulfuric acid is supplied for the leaching from a plant built close 
to the thickener section by a subsidiary company of the Union Miniére. 
It is a contact process plant, burning sulfur shipped in from the Texas 
fields and utilizing as a catalyst platinized silica gel. 

The electrical substation, which distributes power to the entire plant, 
is a steel-frame structure with brick walls and a concrete slab roof covered 
with built-up roofing. The main building is 39 ft. 4 in. by 175 ft. Oin. in 
plan, and houses the following equipment: 

One main switchboard, 31 panels, remote control. 

Three 4000-kw. motor-generator sets for electrolysis, each consisting of 
a synchronous motor driving two direct-current generators, each capable 
of delivering 4000 amp. at 500 volts. One of these sets is a spare. 

Three 175-kw. motor-generator sets for supplying 250 volts direct- 
current excitation and auxiliary power. One of these sets is a spare. 

Two air compressors with direct-connected synchronous motor drive, 


capable of delivering 3650 cu. ft. of free air per min. at 4600-ft. altitude - 


and a pressure of 40 lb. These units, one of which is a spare, provide air 
for solution agitation, etc. 

A lean-to on one side of the building, 28 ft. 3 in. by 122 ft. 6 in. in 
plan, houses the high-tension switches, auxiliary power transformers, 


a 
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air washers for building ventilation 
and a storage-battery room. A base- 


ment is provided under part of the | 


main building and the high-tension 
switch compartment, and houses the 
direct current breakers, main direct 
current buses, and switchboard aux- 
iliaries. Power is supplied to the 
substation from the Panda steam 
plant or the Lufira hydroelectric plant 
at three-phase, 50 cycles, 6600 volts. 
The electrical equipment was largely 
supplied by the International Gen- 
eral Electric Co. and the compressors 
by the Ingersoll-Rand Company. 

Besides the major departments 
described above, the plant is equipped 
with its own general offices, mechani- 
cal shop, carpenter shop, warehouses, 
locomotive shop, laboratory, etc., ete. 
The ensemble provides a complete 
self-contained unit which turns out 
marketable copper from original ore. 
Fig. 14 shows a panorama of the 
plant. 


Details of Operation 


The first unit of the new plant 
was ready to be started up in April, 
1929, and was put into operation’ with 
a locally organized crew. As fast as 
additional units were completed, they 
were put into operation, and by the 
end of the year the entire plant was 
operating, except for four of the 
purification agitators, which - still 
lacked some of their interior fittings. 
The plant was staffed with men whose 
training had practically all been ob- 
tained in the experimental leaching 
plant, and the operating crew was com- 
posed of men who had little if any 
experience with the type of equipment 
installed. The inexperience of the 


Fic. 14.—Panorama oF 30,000-Ton PANDA LEACHING PLANT. 
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operating force and the fact that construction was being carried on side 7 
by side with operation were the principal difficulties to be surmounted — 
in starting operations. Mr. Eagle was sent into Katanga as the consult- 
ing engineer’s representative to act in an advisory capacity during the | 
final construction and starting up of the plant. 

In general, the equipment installed gave excellent service. One 
major difficulty was encountered with the classifier mechanisms. The 
manufacturers supplied a mechanism which was not sufficiently strong 
to take care of the extra weight added by the lead covering specified 
for acid-proofing, therefore mechanical breakage occurred when the units 
were placed in operation. After new and stronger mechanisms were 
installed, there were no further difficulties. The screw conveyors in 
the drying and grinding division did their work satisfactorily, but main- 
tenance of the intermediate bearings was excessive, and indicated the 
desirability of shifting the thrust bearing to the discharge end. The slope 
of the sand-tailings launder needed to be increased; because when the 
plant capacity rose nearly to its normal, the tendency of this clean 
material, free of slimes, to dropout of solution caused the launder as 
installed to overflow. The wood interior fittings of the Pachuca agitators 
were made too light to give long life and were replaced by heavier con- 
struction. The long electrolytic tanks, while ideal for use with insoluble | 
anodes, resulted in such excessive solution segregation in the stripper j 
tanks using soluble anodes that poor starting sheets were made. It _ 
was found necessary to insert baffles between the three electrical groups 
in these tanks to break up this segregation, and after this was done no 
further trouble was experienced. Except for the items mentioned above, | 


practically no trouble of any moment was experienced with the equipment 
as installed. 


TaBLe 4.—Summary of Plant Operations for December, 1929 


Crusuine, Storacr, Dryina, ETC. 


Wet ore crushed, metric tons, total... .../0)2/0 00, 2208 Ae 40,056 

Moisture in wet ore crushed, avg. per cent........................ 13.20 

Cy in dry ore erushed, avg. per cant. << sys vawaclueveshoee ete eaen 6.57 

Wet) ore:to driersemotric tong, total >... a... %.+acanescala, cou. 39,984 

Moisture in drier discharge, avg. per cent......................... 0.24 
LEacuine Division 

Dry ore fed to leaching, metric tons, total.ra" J)oe! SP iee Bale at 32,631.109 | 

Dry concentrates fed to purification, metric tons, total.............. 1,057. 966 | 

Cu in ore fed to leaching, avg. per cent........................... 6.539 

Cu in concentrates fed to purification, avg. per cent................ 28.700 | 

Cu in classifier sands (per cent of dry solids), avg. per cent.......... 0.442 

Solution in classifier sands, AVG. DCT CON Giti.ca cc coerce ee eee ee 29.19 

Cu in entrained solution in classifier sands, avg. grams per liter...... ry "84 

Free H2SO, in entrained solution in classifier sands, avg. grams per liter 0.00 


_ 
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5 
Taste 4.—(Continued) : 
_ Cu in acid slime tails (per cent of dry solids), avg. per cent.......... 0.177 a 
Solution in acid slime tails, avg. per cent.....................--.-. 49.39 
Cu in entrained solution of acid slime tails, avg. grams per liter,..... 9.52 
Free H»SO, in entrained solution of acid slime tails, avg. grams per liter 0.00 
Cu in purification slime tails (per cent of dry solids), avg. per cent... 0.426 
Solution in purification slime tails, avg. per cent.................... 57.20 
Cu in entrained solution of purification slime tails, avg. grams per liter 11.33 
Free H2SO, in entrained solution of purification slime tails, avg. grams 
TAA ae rs Viel BN po ods sis BS « cachaen hod 0.00 
Extraction (copper into solution), avg. per cent.............. eeree 96.53 
Recovery (copper to tank house), avg. per cent.................... 88.34 
H-SO, consumed per kilogram Cu recovered, kg.................... 0.696 
Part aus, per eens of total tails... ek ss wen cee pec ene 40.54 
i Acid slime tails, per cent of total tails... .. 5.0.2... -.00 0002... ccs 56.08 
; Purification slime tails, per cent of total tails...................... 3.38 
4 Metriesons total tails from 1"m-#; ores... 220. 3. PP ce 0.869 
} Metric tons total tails from 1 m.t. concentrates.................... 0.491 
ELEcTROLYTIC Division 
‘ Fine copper in cathodes drawn, metric tons, total.................. 2,486 .097 
___ Cu produced per kw-hr., avg. kg........... ee Cee ee ee 0.471 
j PATIL CLG LA CLOT C Yj A Vi aC TS CONG vespe cr inemictor tee Sern fate psonciiee sees doe eater 78.53 
ATMperes LormMonth Pek Circuit, AVENE ca.cc oic has AMIN sc coc aras Ms 7,460 
Wolisitordjmongh POr-CllCull, AV Gs! dnece drs aot de. ore wk ees = ao ah 444.69 
Volts per electrical group (commercial), avg....................4.. 1.97 
Volts per electrical group (stripper), avg...................2.0000 0.39 
Starting sheets stripped, total number..........................0. 64,176 
Goodmheeteeper Conteeae cies sleek te, SULT, ISRO 92.43 
Starting sheet tanks in service, total number...................... 12 
Commercial tanks in service, total number........................ 148 
PEAK Ram GOLVICE. COGAL GULUNDEL., « efoisisvsyal sinc ualeioveks #1216 icles Sire one ative ie 160 
FURNACE REFINERY 
Hormnacechargess total MUMDEr....0 60.022. ee cece te eee eee ene 13 
TESSVONGS) (RCH ae ESE GES.) Deck Siete er ee 29.15 
Metric tONSILG LUTNACE DEL CHALLO: VVC... cisicie sie ur inm dnsisi 9 edpeveaieeuanaln ieee 100.383 
Metric tons production per charge, avg................- ote Oe 86.454 
IMGebriG ONS reLCALCG AGOLAL MUI DER ea 2 epee tie ele aus sueins «oa peda 1,304.977 
Nretric LOLs ProdUeed, LOLA TUMPEY ai wx. sis uiersucge ste ae wa valid edare aus 1,123.896 
Metric tons Wankie coal-per charge, avg..............0cceeeeeeeee 24.905 
SUBSTATION 
Alternating current power for deposition, kw-hr.................... 5,458,000 
Alternating current auxiliary power, kw-hr.....................05- 876,000 
Alternating current power, total, kw-hr..................0.eeeeee- 6,334,000 


No process troubles were encountered, except in the furnace refinery, 
where the troubles were entirely the reflection of the inexperience of the 
operating force and the fact that the laboratory technique had not been 
developed to the degree of accuracy required by this rather delicate 
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operation. The matter of turning out a furnace refinery product that 2 
will meet the requirements of the fabricators is a difficult operation at the 
best, and the company exhibited a great deal of courage in attempting the 
job with a crew of the limited experience of the men they had. 


TaBLE 5.—Typical Solution Assays and Screen Analyses 
AVERAGE SOLUTION ASSAYS 


| Tank House Purification 

Acid Agitation 

Discharge, 

Feed, Discharge, ee per _ Feed, ee 
iter r Tram 
| Sine | Sane bret ssi oree 

Cie Pas eet 30.51 16.26 30.53 30.17 44.98 
Free H,SO4...  .. 5.50 34.35 12.22 PLLA 0.00 
Bey Rotalsnic «cc ce 5.63 5.63 6.65 5.81 1.99 
HerWerricer sss 5.43 3.97 6.34 4.98 1.42 
He, Herrousyersee 0.20 1.66 0.31 0.83 0.57 
Ab Ost: ochre 11.00 11.00 11.70 10.88 7.50 


a 


OTHER ImpuRITIES ACCUMULATED IN THE Souutions, GRaMs PER LITER 


Mn MgO | SiO: P05 | CaO 


10.03 Cw es ee a) | 1.72 | 3.80 | 0.34 
ces Seen ee ee 


AVERAGE ScREEN ANALYSES FOR DECEMBER, CUMULATIVE PERCENTAGE 


Mesh Ore to Leaching Sand Tails Slime Tails 

+ 20 8.05 14.07 — 

+ 35 22.95 42.09 — 

+ 48 29.70 54.60 _— 

+ 65 35.95 66.98 — 

+100 42.30 75.79 0.73 

+150 47.25 82.07 | 2.08 

+200 | 51.55 85.77 | 5.84 
LOG «5. c's aoe aeeeres 100.00 100.00 100.00 


eee 


Conditions in the copper industry had become so serious by the end 
of December, 1929, that the output of the new leaching plant was ordered 
curtailed in January. As a result of this, the largest month’s production 
during the observation of the operations by the consulting engineers was 
obtained in December, with the plant still partly incomplete. A sum- 
mary of the plant operations for that month is givenin Table 4. Typical 
solution assays covering the principal constituents of the solution at 
various points in the process cycle are given in Table 5. 
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At the conclusion of the period of observation of the operations of the 
new plant at the end of January, 1930, it had been brought up to a rea- 
sonable degree of efficiency, but had still a considerable way to go to get 
on what would be considered a proper operating basis. The plant, how- 
ever, had amply demonstrated its ability to meet without undue difficulty 
the promises made as to capacity, copper extraction and recovery, acid 
consumption, power consumption and over-all operating costs. A rather 
satisfying complement to these results was the fact that the final records 
of construction cost indicated that the plant had been built within th 
original estimate submitted in 1923. ; 


DISCUSSION 
(Francis R. Pyne presiding) 


ay 


F. R. Pynz, Perth Amboy, N. J.—The authors mention (p. 620) the corrosive 
leaching solution. Was that due to ferric iron or something else? 


ee ee 


H. Y. Hacue.—We do not know. The chemical composition of the solution is 
not sufficient, as far as we can see, to explain the extremely corrosive nature of the 
solution. We had various bronze and brass pumps, for example, in use. Inside of 
two weeks the pumps were like sieves. We could drive copper nails below the solu- 
tion line in the agitators and the next day they were gone. I do not believe the 
amount of ferric iron in the solution was sufficient to account for it. 


eo es 


bie 


ae 


F. R. Pynz.—The amount of ferric iron appeared to be rather small to have such a 
powerful corrosive effect. There could not be nitrates very well. 


H. Y. Eacin.—No nitrates and no chlorides. The presence of cobalt might account 
for it, but we do not know. The solutions were very much more corrosive than 
ordinary refinery solutions; the amount of cobalt in the solution somewhere in the 
neighborhood of 10 grams per liter was the only thing that to us seemed to be unusual. 


Memser.—To what extent do the authors think leaching may supersede smelting 
of the Katanga ores, or what proportion of the ores is likely to be leached and what 
proportion smelted? 


H. Y. Eacue.—That is pretty much a matter of company policy, but our own 
opinion is that from the standpoint of costs the more of the ores amenable to leaching, 
which are leached, the more profitable it will be. Up to date, however, the amount 
of production presented by leaching is comparatively small. I think that in 1930 of 
the total production of about 139,000 metric tons only 21,000 of it was from leaching. 


E. L. Jorgensen, Irvington, N. J—Why was it decided to treat relatively coarse 
material by agitation in preference to separating coarse and fines, using percolation 
for the coarser material, and the method you are using for the finer material? 


H. Y. Eacue.—We did considerable figuring on that basis and the conclusion we 
came to was that it is all well and good to separate the coarse material, and it is quite 
possible to leach the coarse Katanga material by percolation. There is no doubt that 
percolation leaching is a good deal more efficient metallurgically than is agitation, 
but when designing a slime plant the size of the slime plant is determined by the 
amount of very fine material in the ore. That is, the amount of settling area that 
must be provided to take care of the slimes is the same whether the coarse material is 
taken out or not, or practically so. So it meant that if we put in a coarse percolation 
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a 
treatment for the coarse, we still had to build just as big a plant for the slimes, an do 
it ran into too much money. 


ae 


F. R. Pynz.—Is the source of the Katanga power water or fuel? | 


H. Y. Eacur.—The new leaching plant was started on the basis of steam power. 

I left Katanga in February, 1930, and in May of that year the new Lufira power plant 

4 was scheduled to deliver hydropower to the leaching plant; I suppose that is 
7 now in operation. : 


A. Gr6nninesaterR, Sudbury, Ont.—I believe that is due to the ferric sulfate. 
I have had experience with that kind of solution, in which I know there was no 
impurity except a small amount of iron. Only one or two grams per liter will eat up 
copper. If you take out the iron and leave everything else in, copper will withstand 
corrosion for years. 


H. Y. Eactz.—The small amount of ferric iron in our solution has not seemed to 
us to explain the cause. In refinery practice there may be quite a bit of iron in the | 
solution, and usually it splits up about fifty-fifty; that is, about 50 per cent ferric and 
50 per cent ferrous. Often the amount of ferric iron in a refinery solution will greatly ; 
exceed the amount we had and still we never noticed that particularly corrosive action 
there. We were looking for the cause, but never hit upon a satisfactory explanation. 

I would like to speak of our long electrolytic tanks. The long electrolytic tank, 1 
when it was presented at a meeting of the Electrochemical Society was looked upon } 
more or less as a fish story. The energy efficiencies as high as 11 lb. per kilowatt I 
hour, which we obtained, were a good deal higher than the usual practice. The 
tanks, as they are now operating, while they are not yielding as much as that, owing 
to the low ampere efficiency produced by a new crew, will, I believe, yield a consider- | 
ably higher figure eventually. 

; 
| 
) 
: 


F. R. Pyne.—Has it been your experience that lengthening the tank increases the 
power efficiency ? 


H. Y. Eaautr.—Yes. 


F. R. Pynz.—I should think it would because there is the same solution throughout. 
no matter how long the tank is. And a high acid can be run whereas in a short tank 
the same beneficial results are not obtained. 


H. Y. Eaeuz.—I should like to know whether in any other industry, for example 
in electrolytic zinc, or other copper plants, the same thing has been experienced. 


F. R. Pyng.—We have not tried long tanks for copper—I have never seen any long 
tanks—but we have experienced the thing to which you refer in the paper; that is, 
that when the circulation in the tank is slow, it is practically constant from one end 


of the tank to the other, except possibly where the solution comes into it. TI presume 
you find the same condition in the new longer tanks. 


H. Y. Eacun.—It persists up to 60 ft., as far as we have tried it. 


W. C. Smrra, New York, N. Y.— What experience have you had with insoluble 
anodes? 


H. Y. Eacur.—The insoluble anodes that we first used in the experimental plant 
were made of chemical lead, and naturally we ran into a lot of trouble. The warping 
that developed after a short time was serious, and we had to take the anodes out of 
the tank repeatedly and beat them straight. The oxidation was very serious and the 
chemical lead anodes did not last very long. We tried out lead anodes of various 

~ antimony contents, and finally fixed on one with a content of about 6 per cent anti- 
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mony, that being a point that gave practically no shrinkage in the mold and seemed 


to be as resistant to warping and corrosion as any of the others tried. 


4 kg C. Smrru.—Have you had any experience with the silver-lead or perforated 
anodes? 


H. Y. Eacuz.—I have tried the perforated anodes but not the silver-lead. We 
tried the perforated anodes on the basis of some tests which I think were run at 
Raritan. Perhaps Mr. Pyne can confirm this. Was it not at one time standard 
practice at Raritan to operate the liberator tanks with a grid anode? 


F, R. Pynz.—Yes, some years ago, but it has not been done since I have been 
there. It was abandoned so I should imagine it was unsatisfactory. Whether it 
was due to the poor casting of the anodes, or some other defect inherent in the shape 
of the anodes, I cannot say. 


H. Y. Eacue.—It was generally considered at Raritan, I think, that the same 
voltage was obtained for a given liberator tank, irrespective of the anode density, and 
it was a considerable saving in lead to make it a grid. Ina leaching plant, of course, 
with all insoluble anodes, the saving in lead would be enormous if a quarter of the 
weight could be cut out. We tried it, but the voltage ran up perceptibly with added 
anode density. Apparently tank voltage is dependent on both cathode and anode 
density. At least, that was our experience. 


A. GRONNINGSATER.—The new copper refinery at Sudbury is using a grid anode. 
There is said to be no increase in voltage. How were your anodes cast, and how 
thick were they? 


H. Y. Eacue.—They were cast in a cast-iron chill, and if I remember rightly were 
3g in. thick. At the expiration of my stay at Katanga, when they had been in about 
eight months, there seemed to be no perceptible depreciation. I have an idea we may 
get anywhere up to 10 years out of them. 

About ten amperes current density is being used. The design of the plant was on 
the basis of 100 amp. per square meter. 


E. L. Jorgensen (written discussion).—When I was in Chile with the Braden 
Copper Co., we carried out in 1914 and 1915 extensive experiments under operating 
conditions. We compared grid anodes cast in a similar manner to that which you 
have described with sheet-lead anodes. When starting with new anodes with clean 
surfaces, the sheet-lead anodes showed 5 per cent lower voltage than the grids, with 
current densities at the cathode of 10 to 15 amp. per sq. ft. With 15 to 40 amp. per 
sq. ft. this advantage was lost. After a very short period of service, the voltage 
increased rapidly 75 to 80 per cent with sheet-lead anodes, whereas the grids showed 
no increase at all after 70 days of service. The saving in power with grids was over 
40 per cent. 

Based on 70 days operation, we estimated that the grids would not have to be 
remelted oftener than every four years, with the possibility of much longer life. 

Another important observation was that we could make good starting sheets with 
grid anodes but not with sheet-lead anodes. The reason for this was that the evolu- 
tion of oxygen was concentrated on a small surface and acted as an air-lift to promote 
good circulation where it was most needed. The cathodes and anodes were spaced 
5 in. on centers. 

The findings given are so much at variance with the observations of others that 
some details should be given. The grids were made of 6 per cent antimonial lead and 
the others of chemical sheet lead. The current density on the grids was 3.4 times 
higher than on the sheet-lead anodes. The electrolyte had the following composition 
in the experimental tanks: copper, 17 to 20 grams per liter; ferrous iron, 20 to 26; 
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ferric iron, 11.5; sulfuric acid, 45 to 70; nitric acid, none; chlorine, none. The tem-— 
perature was 50° to 55° C. 


Since I am talking of the Braden Copper Co., a few remarks on leaching operations ¢ 


there might not be out of order. We roasted sulfide concentrate and leached with 
sulfuric acid solutions. We removed ferric iron from neutralized solutions as basic 
sulfate and separated the precipitate from partially leached pulp by classification, 
as you did later at Katanga. This was a relatively simple matter when working with 


concentrate from Wilfley tables. With the much finer flotation concentrate this 


classification was not so good. The difficulty was overcome, experimentally at least, 


_ with magnetic separators covered with lead. The basic iron sulfate was nonmagnetic 


and partially leached calcine was strongly magnetic. 


C. W. Ercuropt, Laurel Hill, N. Y.—I am not with Chile Copper Co. now, but in 
1924 I presented a paper on the electrolytic tank house for that company at the same 
time that Mr. Eagle did. At that time we had experimented with larger tanks, but 
failed to mention the matter. Our experience in this connection was that we lost in 
ampere efficiency more than we gained in reduced voltage. Our development along 
these lines was somewhat a matter of secondary consideration. In order to improve 
the flow of electrolyte between tanks or cells of our electrolytic sections, which con- 
sisted of 16 tanks in series, a new type of construction was developed. The section 
was built as one large tank with partitions that divided it into the individual cells; 
openings in the partitions were provided for the flow of electrolyte through the series. 
The size of these openings was increased until the final development was a tank con- 
taining 16 electrode sets in series with partitions between sets consisting only of 
mastic-covered supporting columns for the beams carrying the intermediate transfer 
bars. The voltage was lower, mainly, I believe, because of irregular current distribu- 
tion, and the ampere efficiency loss for the same reason was lowered to the point that 
the net power efficiency decreased. 


H. Y. Eaaur.—Did you have baffles between the various tanks? 


C. W. Eicuropt.—No, in the one tank mentioned we did not. Any suitable 
material for baffles would not stand up in our electrolyte. We made little mention 
of our development and immediately replaced portions of the mastic partitions, 
which might be considered baffles. 


H. Y. Eacie.—We found that in order to cut down the leakage between the vari- 
ous electrical groups in the tank it was essential to put at the end of each electrical 
group one anode or one sheet of lead, which was absolutely not in circuit. That 
meant that for current to leak from one group to the next, there would necessarily be 
two voltages of decomposition. This lead screen absolutely stopped the leakage from 
one group to the other and kept ampere efficiency up. 


C. W. Ercxropr.—Our individual electrode sets consisted of 56 anodes and 55 
cathodes, with an anode at each end. This might be considered a long tank unit in 
itself. It was the partitions between the sets in series that we removed. No screen 
or baffle between sets was practical because no inexpensive material that was suitable 
would stand up in our solutions, which contained nitric, hydrochloric and sulfuric 
acids and ferric iron. With the improved alloys now available, something might be 
developed, but I doubt whether it would prove practical. 

You mentioned that you did not have much success with acid-resisting materials. 
I am inclined to believe that cobalt and not ferric iron is basically responsible. Ferric 
iron behaves in no consistent manner. I have seen four or five grams per liter appar- 
ently do no harm, and again under practically the same conditions one gram per liter 
cause trouble. It depends upon the agents causing alternate oxidation and reduction 
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oftheiron. If the solution is saturated with air, trouble from iron may be aggravated. 
In this connection, the presence of other metals even in relatively negligible quantities 
isimportant. There is apparently what might be called a catalytic action in speeding 
up the oxidation and reduction of iron, exerted by certain metals, one of which I am 
inclined to believe is cobalt. The cobalt would be the primary source of trouble while 
the iron takes part in the corrosion reaction. 


F. R. Pyne.—When talking with Mr. Wheeler some years ago about the Katanga 
property I understood that there is either a scarcity of wood or that it is all dwarf 
wood. What are you using for poling in the furnace refining? 


H. Y. Eacir.—There is no scarcity of wood in Katanga. There is an abundance 
of what is called ‘‘bush,” and it is not dwarf wood by any means, but an extremely 
gnarled wood. It is not suitable for construction but for poling it is quite all right. 


F. R. Pynze.—lIs it a hard wood? 


H. Y. Eaciz.—It is a bastard mahogany, mostly. 


C. W. Ercuropt.—How much fresh water for washing is added to the leaching- 
solution circuit per ton of ore leached? 


H. Y. Eacir.—I cannot give you that in definite figures, but I can say that the 
amount of wash water added in the classifiers is one volume for each volume of 
entrained solution in the classifier tails. These tails go out at about 30 per cent 
moisture. The same figure applies to the amount of wash water added in the slime 
treatment, one volume for each volume of entrained solution in the slime tails, and 
the slime tails average about 50 per cent moisture. From the figures in the paper 
of the relative amounts of sands and slimes, and the relative moisture contents of 
the two different kinds of tails, you can figure out for yourselves the amount of wash 
water per ton of ore. Does that answer your question? 


C. W. E1cnropt.—Not exactly. The amount of moisture in the tailings must be 
equal to the water added, or the circuit will build up in volume unless there is an aid 
in the way of evaporation or deliberate discard. 


H. Y. Eacire.—There is no discard in the system. 


C. W. Ercuropr.—The water used in washing ore is equivalent to the tailings’ 
moisture? 


H. Y. Eacur.—Absolutely. 


B. H. Strom, New York, N. Y.—I have had some experience with the effect of 
chlorine in the electrolysis of zine sulfate solution, using anodes of soft lead. Above 
one-tenth gram per liter chlorine the corrosive action became noticeable; with one- 
half gram per liter the anodes became perforated in a few days. Many other factors 
influence anode corrosion in zinc electrolysis, and chlorine does not tell the whole 
story. I know of one case where the solution generally runs as high as 0.08 grams per 
liter chlorine. The anodes last for years; in fact, I have been informed that they 
could easily be made to last for eight years, if other conditions did not make 
a change advisable. 

Coming back to the leaching plant: I noticed a reference to a patented device 
used to prevent segregation and plugging of the Pachuca tanks. No description is 
given, and I would like to have a little more information on the subject if possible. 


H. Y. Eactr.—I do not know whether I can do it without a sketch, but I will try. 
When the material is lifted from the bottom of the agitator to the surface, naturally 
the coarse drops out before the solution gets over to the outflow of the tank, and the 
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a 
result is that a comparatively small amount of coarse will go out from the ordi 
type of agitator, either a Dorr or Pachuca, +) on eit 
We found that out after digging the system out a number of times, and came to th 


conclusion that our 35-mesh material simply could not be handled in a Dorr agitator _ 
with 214 to 1 density. So we tried out various schemes, and finally came to one, | 
which in substance is this: We take all of the discharge of the central air-lift, put it 
into a launder, take that launder directly to the outer part of the tank. Besides the 


outlet port, there is at that point a very much larger port, which permits the solution 
to run back into the tank. The size of the exit port is such that it will discharge 
the amount of feed to the tank with a comparatively small head, and the port is 
equipped with a constricting gate, which provides for any possible and necessary 
adjustment. When the tank is started, and there is the condition of a given amount 
of inflowing pulp and a certain rate of circulation of the central air-lift, you adjust the 
constricting gate on the exit port from the tank until the level in the tank will maintain 
itself just about at the point that will smother the weir of the discharge from the 
collecting launder back into the tank. When this is done, the tank will automatically 
maintain its level with comparatively little attention, the reason for it being that 
if more solution goes out of the tank from the exit port than comes in, the solution 
level in the agitator will fall. As soon as it falls it takes the.smother off the weir. 
That automatically increases the discharge of the weir and brings back the level 
again. If less goes out of the tank than is coming in, the solution level in the tank 
rises, raises the head on the outlet port and automatically increases the discharge 
from the exit port. Since all the coarse and fine material in the internal circulation 


is given an equal chance to leave the tank, the amounts of these discharged are in the 


same proportion as they exist in the feed. 

The device actually works and we are handling 1600 tons daily without trouble. 
Often when there is a breakage of copper screens, we get considerable oversize in the 
bins, and even up to as high as 14 in. it is handled successfully. 


E. L. Joncensen.—How are the extractions in the 14-in. material? 


H. Y. Eactr.—Not good. The extractions we get under the average grinding 
conditions are given in the paper, and naturally in the coarse material the extractions 
run downward. 


E. L. Joncensen.—It would improve if you gave it time? 


H. Y. Eacur.—Yes. On the other hand, I would not recommend anybody to try 
to agitate stuff that is ground through 4 inch. 


E. L. Jorncensen.—In Chile, we leached coarser material by percolation for an 
extended period of time. Have you any conclusions for Katanga ore on this point? 


H. Y. Eacux.—I hope you understand that we are not presenting this process as 
an argument that agitation is better than percolation. We would have been pleased 
to leach on a basis of percolation if we could have done so, but Katanga ores are not 
amenable to percolation. Our extraction and recovery on 6.5 per cent ore looks like 
very poor work, but it is the best we can do under the existing conditions. 


E. L. Jorgensen.—What characteristic of Katanga ore makes it unsuitable for 
percolation? 


H. Y. Eaciy.—In the first place, the mineral in the Katanga ores is largely mala- 
chite, which is a carbonate. You know what happens when you put acid on a carbon- 
ate. The upper percolation will not work because the tremendous gas evolution takes 


every bit of the fines out of the tank, and the downward percolation will not work for 


the same reason. But even were it not for that, the Katanga ores are largely malachite 
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in shales and sandstones, and the amount of colloidal clayey material is great enough 
so that the solution will not percolate through it on a downward basis. 


_ Memperr.—I should like to ask the gentleman from the Chile Copper Co. about the 
use of antimonial lead anodes containing a high percentage of arsenic, say 2 per cent 
arsenic, or over. 


C. W. Etcuropt.—While I was there we did not use antimonial lead anodes 
except in laboratory experiments. I do not believe that we ever tried arsenic in 
the anodes. 


Memser.—I am not asking the question from the standpoint of an electrolytic 
copper man but rather from the standpoint of the producer of antimonial lead. I 
had heard that certain plants in South America were using antimonial lead high 
in arsenic. ‘ 


F. R. Pyne.—I have never seen it used in copper refining, but I would like to hear 
some results from it if anybody has tried it out. 


C. R. Haywarp, {Cambridge, Mass.—I know nothing definite regarding high- 
arsenic anodes, but in the early days of experimentation on the Chuquicamata process 
I examined a good many anodes, lead and otherwise, and it was rather interesting 
to note that those that were cast in a flat mold corroded only slightly on the side 
that was chilled; that is, the side that came in contact with the mold, whereas the 
upper side went to pieces rapidly. 


A. B. Youne.—The plant referred to is the Potrerillos plant of the Andes Copper 
Co. The anodes were high in arsenic, 2 per cent or better. However, it is my under- 
standing that the arsenic did not prove to be of any particular benefit. 


R. C. Dauzexu, Trenton, N. J—I have always found pH control very helpful in 
an iron precipitation such as takes place in the purification section described in this 
paper. Neutrality covers a broad field, and I should like to know the approximate 
pH of the neutral thickener solution referred to on p. 623, third line from the bottom. 
I notice that the solution from purification contains 2 grams per liter of iron. I 
assume that this is ferrous iron, and that chemical oxidation of it is more expensive 
than would be justified. Air oxidation might be applicable here. A method that 
appeals to me because of its simplicity and cheapness consists in circulating the solu- 
tion downward through a sort of chimney, in which are placed criss-crossed baffles. 
These break up the solution, presenting a very large surface for oxidation by the air 
drawn up through the chimney. The hot solution creates a natural draft in the 
chimney. The only operating expenses are power for circulating the solution and 
steam for heating the solution. The operation is very effective and has been in use 
for some years by a large European refinery. 
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The Inspiration Leaching Plant 
By Harotp W. Aupricn* anp Water G. Scott,{ INsprration, ARIZONA 


Tue leaching process of the Inspiration Consolidated Copper Co. 
is based upon the solubility of oxidized copper in sulfuric acid and the 
solubility of sulfide copper, largely in the form of chalcocite, in ferric 
sulfate solution. This necessitates the carrying of a rather large amount 
13 of iron in solution. The ferric 

m4 | 4 pe sulfate is regenerated from ferrous 

sulfate by the oxygen given off at 
> aa the anode during electrolytic pre- 
iva wh cipitation of the copper. 


é In September, 1924, excava- 
& r tion was started at Inspiration, 


i) 
a 


Arizona, for the construction of a 
plant to treat 7500 tons of ore per 
day. When the plant was begun, 
5 the fact developed that by a 


Ge 
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minor change in the height of the 
overflow on the leaching tanks, 
isi 9000 tons could be charged into 
each tank and treated satisfac- 
wae torily. This determined the max- 
z per A F 

imum capacity of the plant as 
9000 tons per day. The first ore 
was charged in October, 1926, and 
ane ‘0.15 {8 there are now available the records 
a a = ia of five complete years of operation; 

tm lL [ one namely, 1927 to 1931, inclusive. 
927 1928——S«1929 1930 1931 The original estimate of cop- 
Fi, Rife aia aa per content of the ore to be mined 
for this plant was 1.19 per cent, 
of which 0.77 per cent was as oxide and 0.42 per cent as sulfide. From 
the metallurgical results obtained at the 35-ton pilot plant, it was esti- 
mated that a 90.0 per cent extraction of the oxide copper and a 75.0 per 
cent extraction of the sulfide copper could be made. It was estimated 
that the tailing would carry 0.182 per cent total copper, resulting in a 
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* Superintendent of Leaching Plant, Inspiration Consolidated Copper Co. 
} Assistant Superintendent of Leaching Plant, Inspiration Consolidated Copper 
Co. 
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total extraction of 84.7 per cent. The actual results of the first two 
years of operation were tailings assaying 0.188 per cent total copper 
for the first year and 0.200 per cent for the second year. It is inter- 
esting to see (Fig. 1) that the oxide copper content of the ore has 
remained uniform and that the increased percentage of total copper in the 
ore is caused by an increase in sulfide copper. 

During the second year of operation, it was recognized that all types 
of ore within the limits of our mining operation were not physically 
suited to this process. Ore from certain locations in the mine carried an 
excessive amount of colloidal material, which seriously hindered solution 
percolation in the leaching tanks. The removal of primary slimes and 
the construction of a plant for their treatment were the major changes 
in plant construction. The flow sheet of the leaching plant is shown in 
Fig. 2. 


CRUSHING DIVISION 


The coarse-crushing plant consists of gyratory crushers and horizontal- 
shaft Symons disk crushers, which reduce the ore from mine run to 1)4 in. 
The crushed ore is delivered by belt conveyor from the coarse crusher to 
the ore bins at the leaching plant. The capacity of these bins is 
10,000 tons, of which 8000 tons is available. The ore is drawn to a con- 
veyor and thence to a bank of eight Hum-mer vibrating screens. The 
screen opening is varied from 1¢ by }4 in. to 4 by 4 in., according to the 
changein physical characteroftheore. Theundersize goes to the washing 
plant, where the slimes are removed, the sands going directly to the 
leaching tanks. The oversize from the screens goes to a pocket bin over 
rolls that operate as coarse rolls. 

There are four sets of 78 by 24-in. face Traylor rolls having 9-in. 
shells. Two sets are operated as fine rolls and one set as a coarse roll, 
leaving one as a spare. The discharge from all rolls is delivered to 16 
Hum-mer screens equipped with 3-in. Ton-cap screen cloths. Under- 
size from these joins the sand product from the washing plant and goes 
to the leaching tanks, while the oversize returns to pocket bins over the 
fine rolls. The coarse rolls are set at 5g in. and the fine at 54¢in. The 
rolls operate at 110 r.p.m., and each set uses 275 hp. The method of 
shelling rolls has been changed several times, but the best results are 
obtained by shelling hot. The bearings are lubricated by a continuous 
oil flow, operating in closed circuit with an oil filter plant. Roll-shell data 
are given in Table 1. 

In the operation of all crushing and conveying machinery, the drives 
are interlocked electrically, so that whenever a motor driving a conveyor 
kicks out, all machinery delivering ore back of it stops immediately. 

_ The crushing of 9000 tons requires about 10 hr., and it is not uncom- 
mon to average better than 1100 tons of crushed ore per hour for sev- 


eral hours. 


A ee 


A bucket sampler cuts the discharge stream on the 


THE INSPIRATION LEACHING PLANT 
The conveyor delivering crushed ore to the leaching tanks is equipped 


with a weightometer. 
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TasLe 1.—Roll-shell Data 


Date Dry Tons Feende, Steel 
Crushed | Ors Cuushad 
ZOOM DO 2 lone cae Sear gee eee et 3,469,394 0.06501 
RVCHY SOQ SG e et Wee UTE ON TOM ee ees 3,040,171 0.06427 
OZ Ost as Cae te Bey epee yet”, 3,052,268 0.09159 
NBs. 5 ho Oe eee ee ee ee ae 2,518,974 0.09804 
IGE eS oe Se ee ee 2,402,479 0.06938 
“EOE HCE aie ee ye ae 14,483,286 0.07693 


Two separate cyclone dust-collector systems are operated, one in the 
fine-crushing plant (Fig. 3) and the other in the screening plant. These 
are identical in design, being equipped with Sturtevant 72-in. suction fans 
driven by 50-hp. motors. The suction ducts are connected to all units 


Fig. 3.—FINE-CRUSHING PLANT AT INSPIRATION. 


making dust, such as the rolls, screens, conveyors, etc. The rolls and 
screens are tightly housed, while the conveyors are enclosed at all points 
where ore is fed to them. ‘The collected dust is delivered as a slime 
product to the bowl-classifier overflow in the washing plant. 


WASHING PLANT 


In the fall of 1928, plans were made for experimentation in removal 
of slimes from the ore. The separation was to follow the coarse crushing. 
Full-sized classifiers were installed, and, as there was no treatment plant 
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to handle the slime product, this material was stored for future treatment. 
The extraction on the charges so treated showed such improvement that 
thereafter the primary slimes were removed from all ore charged to the 
leaching tanks. Table 2 shows that in the year 1929 and succeeding 


TABLE 2.—Metallurgical Results 


Year — 
1927 | 1928 | 1929 | 1930 | 1931 

Feed 

Oxide copper, per cent........ 0.718 | 0.632 | 0.663 0.658 | 0.625 

Sulfide copper, per cent....... 0.338 | 0.387 0.504 0.550 0.681 

Total copper, per cent........ 1.056 1.019 1.167 1.208 1.306 
Tailing 

Oxide copper, per cent........ 0.048 | 0.053 | 0.023 0.020 0.020 

Water-soluble, per cent....... 0.011 0.012 | 0.004. Tr: £62, 

Sulfide copper, per cent....... 0.129 0.135 0.103 0.092 0.142 

Total copper, per cent........ 0.188 0.200 O27 0.112 0.162 
Extraction 

Oxide copper, per cent........ 91.78 89.72 96.38 96.96 96.80 

Sulfide copper, per cent....... 61.83 65.12 79.56 83.27 79.15 

Total copper, per cent........ 82.20 80.37 89.12 90.73 87.60 


years the metallurgical practice was materially better than in 1927 and 
1928. ‘The oxide copper extraction since slime removal has remained 
fairly constant at 96.0 per cent, while the sulfide copper extraction has 
averaged 80.66 per cent. 

The washing unit consists of two Dorr bowl classifiers. The bowls 
are 25 ft. in diameter and the arms revolve at 2r.p.m. The rake com- 
partment of each classifier has a total width of 16 ft. and contains four 
rakes, each 42 in. wide. The rake length is 33 ft. 4 in.; speed 26 strokes 
per minute; slope of bed 2 in. per foot. The bowl overflow runs to a sump, 
from which it is pumped by an 8-in. Wilfley sand pump through a 12-in. 
wood-stave pipe to the concentrator. The pulp is then subjected to 
flotation treatment for recovery of the sulfides, preceding the acid agita- 
tion treatment for recovery of oxide copper. 

When first put into operation, the bowl classifier produced a wetter 
sand product than did the classifier used in experimental work. This was 
attributed to the bed slope, the reciprocating classifiers used in the experi- 
ment having 3 in. to the foot. To remedy this, a 3-ft. extension having a 
slope of 414 in. to the foot was added to the rake compartment. Although 
this reduced the moisture content from approximately 24 per cent to 21 
per cent, it also reduced the classifier capacity approximately one-third. 

As will be discussed later, for the best metallurgical results, it is desir- 
able that wash water be the only additional water added during this 
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process. The moisture content of the sands, therefore, has received 


considerable attention. Owing to the presence of ferrous sulfate, leaching 
solution cannot be used in the washing process on account of the succeed- 
ing operation of flotation on the slime product. 

Assuming 1931 to be an average year, 5.75 per cent of the ore received 
from the mine was sent as classifier overflow to the concentrator and slime- 
leaching plant for further treatment. The classifier sands contained an 
average of 20.2 per cent moisture and 3.3 per cent minus 200-mesh mate- 
rial. Classifier feed averaged 24.9 per cent, and the overflow 83.4 per 
cent of minus 200-mesh material. Water used per ton of slime amounted 
to 1045 gal. Overflow results were as follows: 


Ty pcGUs OVETHOW es Soe ee cite tae ee aes ees 146,468 
Overflow oxide, copper; pericents.c.anbias <0 oc. serge ee 3 1.156 
Overflow sulfide copper, per cent..................000- 0.389 
Overflow total copper, per cent..................80208- 1.545 
Pounds copper per dry ton overflow.................... 30.90 


LEACHING DIVISION 


Fig. 4 is a general view of the Inspiration leaching plant, and Table 3 
shows annual metallurgical reports for five years. The 13 concrete, 
lead-lined leaching tanks are each 175 ft. long, 67.5 ft. wide, and 18 ft. 
deep, having an approximate capacity of 9000 dry tons of ore per tank. 
They are lined with 7-lb. chemical lead. On the side walls the lead is 
protected by a covering of 2-in. planks held in place by vertical posts. 
The filter boards are of 2-in. material, having fifteen 3¢-in. holes per square 
foot of surface, each countersunk with a 34-in. hole from beneath. The 
tank bottom slopes slightly toward the center as well as toward the end 
where the drain pipe is located. There is but one opening in the bottom 
of each tank, a 14-in. lead pipe burned to the lead lining, entering at the 
opposite end from the overflow, just above the tank bottom and below 
the filter bottom. All solution enters the tank through this pipe and all 
drainage is taken out through it. 

The lead work in the leaching tanks has a tendency to buckle or 
ereep, and often leaks are found at these places. This is not serious, 
however, as the sun never comes in direct contact with the lead lining, 
which is protected by the wood covering. The lead in open lead-lined 
launders constantly buckles, but because of their accessibility they can be 
repaired easily. 

In charging, the ore is distributed uniformly over the entire tank. 
A standard tripper discharges the ore from the conveyor, which travels 
the length of the leaching tanks to a belt traveling the length of a movable 
spreading machine that spans the bank of tanks. An automatically 
reversing tripper travels on the spreader and empties the load of the belt 
into the tank. At each reversal of this tripper, the spreader bridge 
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moves forward 2)4 ft., until it reaches the edge of the tank, when the 
motion is reversed and the bridge travels toward the opposite edge. 
In this way the tank is filled with ore evenly over its entire area. The ore 
bed rises about 3 ft. for each pass of the bridge over the tank. By bedding 
in this manner, practically all rolling or segregation of the material in the 
charge is prevented. The screen analysis of the ore is given in Table 4. 


Tasin 4.—Screen Analysis of Ore Bedded 


Mesh | 1930 | 1931 Mesh 1930 1931 
+3 15.0 17.8 + 35 3.4. eel 
+4 15.2 15.7 + 48 2.6 2.4 
+6 13.4 12.8 + 65 2.3 2.0 
+8 9.5 9.6 +100 2.2 1.8 
+10 8.7 8.6 +150 1.4 1.4 
+14 6.7 6.0 +200 A 1.0 
+20 5.0 5.1 —200 9.0 8.9 
+28 4.5 4.2 


After bedding, the ore is covered with a solution strong enough in 
acid to avoid neutrality at any point within the charge; otherwise a 
decided loss in iron content would occur through the precipitation of 
iron salts, and a high copper content of the tailing usually accompanies 
such precipitated iron. Between 175,000 and 200,000 gal. of solution is 
required to cover the ore. Percolation of solutions is upward. Each 
tank is provided with a vertical screw-type lead pump, which receives the 
overflow solution from the preceding tank and pumps it underneath the 
filter bottom and up through the ore. The solution overflows through 
a launder and goes to the suction of the pump serving the next tank, which 
permits the tanks under acid treatment to be in series. The circulation 
on each tank is approximately 1200 gal. per minute. 

The cycle is 13 days; eight tanks being under acid treatment, three 
being washed, one being filled, and one being excavated. The strong 
acid solution from the tank house, in which sulfuric acid and ferric sulfate 
have been regenerated and to which the required amount of new acid 
has been added, is delivered to the oldest ore under acid contact. 
This solution travels from tank to tank, constantly being reduced in 
solvent strength and increased in copper content, until it emerges from the 
newest ore and flows thence to the tank house. 

The principal difference in operation between the Inspiration plant 
and other large leaching plants is that at Inspiration a deliberate effort 
is made to maintain the ferric sulfate concentration at a point high enough 
to dissolve the large amounts of copper contained in the ore as chalcocite, 
although a high concentration of ferric sulfate is a decided detriment to 
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electrolytic precipitation efficiency. This also necessitates the carrying 


of a high percentage of total iron in solution. 


Manipulation of solution and solution strengths to preserve an 


economic balance between the ferric sulfate necessary for sulfide extrac- 
tion and avoidance of the penalty incurred by ferric iron in electrolytic 
precipitation efficiency presents a delicate point in operation. As the 
ore is changing constantly in grade, particularly the relation of sulfide 
copper to oxide copper, the economic limit of solvent strengths must also 
change. General practice has been to hold the average strength of ferric 
sulfate during the leaching of any one charge at 7.5 grams per liter, with 
the maximum strength at approximately 10.0 grams per liter, and 
the minimum strength at approximately 5.0 grams per liter. If the 
sulfide copper content of the ore is high, the reduction of ferric sulfate in 
leaching solutions is naturally more pronounced and a larger quantity 
of ferric sulfate is consumed. The necessary strengths, however, are 
maintained by increasing the volume of solution to the leaching division. 
Should the sulfide content be low, or the acid contact time be increased 
because of decreased production, the volume of solution pumped to the 
leaching division is reduced, with a consequent reduction in strength of 
ferric sulfate to the tank house. The consumption of ferric sulfate is 
approximately the theoretical amount required for dissolving the 
sulfide copper. 

Prior to July of 1931, all concentrations of acid reported were given as 
total acidity. Since that time both free acid and total acidity have 
been given. 


Acid Consumption 


A major cost item is sulfuric acid. Before the slimes were removed, 
the acid concentration was always held higher than necessary for the 
extraction of soluble copper. Experimental work demonstrated the fact 
that even though the solution coming from the new ore had an acid reac- 
tion, it was necessary to have sufficient strength to avoid neutrality. at 
any point within the charge of ore. After the slimes were removed, it was 
found that the better percolation avoided pockets and dead areas, which, 
in turn, permitted the use of a lower acid concentration, leading to a lower 
acid consumption. The acid consumption, from 1927 through 1931, was 
as follows: 


1927 1928 1929 1930 1931 
Pounds 60° Bé acid per ton of charge........ 31.4 26.5 33:3 “23d ees 


There is a limit, however, to low acid concentrations, governed by oper- 
ating conditions in the tank house, which will be referred to later. 

From the standpoint of acid consumption, the ratio of production of 
electrolytic copper to production of cement copper plays an important 
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part. To maintain an iron balance in leaching solutions, a definite 
amount of cement copper must be made or iron must be added in some 
other manner. Acid is regenerated in the tank house with the precipita- 
tion of electrolytic copper, while acid is consumed in the precipitation 
of copper as cement copper. Generally, only low-grade wash waters are 
sent to the cementation division. 


Washing 


The washing of the ore, to avoid iron losses as well as copper losses, 
constitutes a very important phase in the operation. This may be pic- 
tured in the following manner (1931 results) : A tank of 9000 dry tons when 
discharged as tailing will carry 10.3 per cent, or 927 tons, of moisture. 
As the final acid-solution drain averages 21.6 grams per liter of copper, 
a simple calculation shows that the amount of copper to be washed out 
would be 40,046 Ib. per tank, or per day. This represents 19.45 per cent 
of the daily production. 

Three days are used for washing, and every effort is made to wash out 
as much of this dissolved copper as possible. Ten washes in all are used. 
The first five are called regular washes and are systematically advanced, 
the first wash going to the main solution system, the second wash becom- 
ing the first wash on the next tank to be washed, and so on in the sequence 
noted. The fifth wash is taken from the cementation stock-solution 
tank and becomes the fourth wash on the next tank to be washed. 

Four cementation-solution washes follow, and these washes likewise 
come from the cementation stock-solution tank. The used water is 
drained to a surge tank that supplies the cementation launders. Prac- 
tically all of the copper is precipitated, the total iron content of the solu- 
tion is increased, and acid and ferric sulfate are consumed. The 
cementation tailing solution goes to the cementation stock-solution tank 
for further use. Fresh water is used for the last, or tenth, wash. 

Normally, a batch wash is used; that is, the entire wash water is 
pumped on to the ore, circulated and drained. At times, when a leaching 
tank has a short tonnage, the amount of wash water to fill the tank to its 
overflow would be so great that an unbalanced wash water volume would 
exist, therefore a piston or displacement wash is substituted. AJ] condi- 
tions considered, batch washing is thought to be more positive if there is 
any doubt as to the rate of percolation through the ore. 

The soluble iron in the ore amounts to less than 14 lb. per ton. The 
test-plant results over a long period showed that an average of only 

1 Ib. of iron per ton of ore was actually dissolved. As it is desired to 
carry about 20 grams per liter of total iron in the leaching solutions, the 
solution from the cementation system serves as an excellent means of 
controlling the total iron content. The amount of cement copper made 
has a direct bearing upon the iron put into solution by this method. 
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The only plant discard is the moisture in the tailing, therefore 
wash-water volumes and wash-water advances are carefully watched. — 
Every effort is made to add the fresh water as a final wash, asitis most __ 
_ valuable at this point. The volume balance for 1931 is shown in Table 5. — 


TaBLe 5.—Volume Balance, 1931 


Gallons 
per Ton per Ton 
of Ore of Ore 
Entering moisture (in ore)...... 16.49 | Moisture in tailing.............. 24.73 
Fresh water added as wash...... 15.87 | Evaporation per ton per day..... | 7.68 
Total incoming water......... 32.36 32.36 


When operating seven days per week, a normal wash-water volume 
would be between 125,000 and 150,000 gal... When operating at a reduced 
capacity, this volume can be increased, because the daily evaporation 
remains fairly constant. 


Solution Heating 


From October to May, it is necessary to heat the solution overflowing 
from the tank house on its way to the leaching system ; otherwise a satis- 
factory extraction of the sulfide copper would not be obtained. This 
heating is accomplished by steam at 5-lb. pressure flowing through 1-in. 
chemical lead pipes having a 34¢-in. wall, which are immersed in lead- _ 
lined tanks through which the solution flows. See Table 6. | 


TABLE 6.—Heating Plant Data, 1931 
ee > 
To c 


Tack H on Leach 
‘an eating eaching Atmosphere 

poe, | fe | Re | “Sere 
danuary 3s £ 28S Wal Bicw 31.2 39.0 46.3 9.7 
Februvativiaue sarsactl Passtotens ous os 34.4 40.7 47.1 12.3 | 
March rN PS ae eee 33.4 39.4 45.8 15.1 | 
ADT. . sco. oc ce ce OR ee 33.4 39.1 44.5 18.9 
PS iA Sete aa ha an el Ma co 33.5 39.6 44.3 23.1 
Jane hd Mh Ov IE ROCG Sah Sas 33.2 40.8 40.8 27.4 
JUS a visien’s <osiartion ava ee 36.5 43.8 : 43.8 30.0 
Anteost -s3¢-sa a ee 36.6 43.0 43.0 27.2 
September, i cused einem 35.0 41.1 41.1 25.9 | 
October...) a. aa, ee eee 33.9 40.5 42.0 20.1 | 
November.................... 33.2 40.0 43.9 12.4 | 
December. /:!/0", BA age 34.6 40.9 45.5 9.4 
-—S a a a ee 


In all, 24,738 ft. of pipe are used for this purpose. ‘Two 500-hp. oil- | 
fired boilers furnish the steam. One-half of the heating surface is used 
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on the inflow to the tank house and one-half of the surface is used on the 
outflow. Vacuum pumps are used to return the warm condensate to 
one of two boiler-feed tanks, where it is tested for acidity before entering 
the boiler. Whenever acid appears, the condensate is discarded and the 
leaky coil blocked off. 

The raising of solution temperature may either precede or follow 
electrolytic precipitation. This gives a means of controlling the ferric 
sulfate balance, as will be mentioned under the description of the tank 
house. Operation of the experimental plant demonstrated the fact that a 
cold solution, approximately 20° to 22° C., would give a sulfide copper 
extraction, with a normal ore and under normal conditions, of between 
40 and 50 per cent. By raising the maximum temperature on the oldest 
ore to 42° C., the minimum temperature would rise to 28°, giving an 
average temperature on any individual charge of approximately 35° C. 
This condition, other things being equal, produced a 75 per cent average 
sulfide copper extraction. 

During the four summer months, when the heating plant is closed, 
the average solution temperature is about 38°C. The problem of heating 
to a higher temperature in winter presents the question of an economic 
balance. Radiation losses above 40° in winter are large, and as a result 
the cost of raising the temperature one degree increases rapidly. Solu- 
tion leaving the heating plant at 50° C. and pumped through an insulated 
12-in. lead pipe line 1500 ft. long will give an average temperature to the 
coldest ore of 42° C. 


ee ee ee Pe a 
r : r 


Tatling Disposal 


After a tank of ore has been leached, washed and drained, it is ready 
for excavation. A  Wellman-Seaver-Morgan bridge-type excavator 
spans the leaching tanks with the bucket carriage traveling across the 
long dimension of the tank and the bridge moving the entire length of the 
13 leaching tanks. The operator rides on the bucket carriage. 
The bucket is capable of lifting approximately 17 tons of wet tailing. 
It travels to the end of the excavator and discharges its load through 
a hopper into air-dump, standard-gage railroad cars. Three buckets 
usually constitute a carload, and the number of cars to a train will vary 
from six to ten, depending upon dump conditions. 

Two 8-hr. shifts are required to excavate a tank. Two tailing trains 
operate on the first shift, when the digging is easy and fast, but only one 
train is used on the second shift. During the first year of operation, 
owing to the inaccuracy of control of the hoist motors, the bucket lips 
tore up the filter bottoms so badly that 4 by 6 in. timbers, laid on the 4-in. 
side, are now placed over the filter boards, running parallel to the long 
dimension of the tank on 3-ft. centers, to receive the wear of this oper- 
ation. This necessitates the leaving of a 6-in. layer of the tailing in the 
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bottom of the tank at all times. These timbers must be replacec a 
intervals of from five to six months. _ Sa 
The tailing dumps are from one to three miles from the leaching plant. “4 
They are referred to numerically. The No. 3, or main dump, is nearly al 
300 ft. high. As the height of this increased, the tailings did not carry 
enough moisture to permit them to slide to the toe of the dump, anda 
bulge would develop on the face of the dump, which would slide when | 
least expected, taking with it the track and any equipment that happened 
to be on it (Fig. 5). The addition of a small quantity of water through 
a 1-in. hose prevented these bulges from forming and completely remedied 
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Fiqg. 5.—SLIDE ON TAILINGS DUMP AT INSPIRATION LEACHING PLANT BEFORE PRESENT : 
PRACTICE OF WASHING DOWN WITH WATER. 4 


this condition, causing the slope to be uniform from the top to the toe of | 


| 
thedump. As the dump is built out, the track is moved out by a mechan- | 
ical track shifter. 7 


SLIME-TREATMENT DIvIsIoNn 


The removal of fines from the leaching-plant feed had received 
considerable attention for some time before the large-scale experiments 
of 1928. Numerous data, obtained in 1919, were available on this 
subject. Wet classification had been put off to avoid (1) the moisture 
admitted to the leaching process with the washed sands, and (2) the 7 
mechanical difficulties that might arise in handling the wet sands in | 
conjunction with the dry material. : 

To date, the solution volume balance within the leaching plant has 
been maintained, though the margin is small. The handling of the wet 
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sands has also been solved as follows: The dry discharge from a cross 


conveyor is first placed on the main belt going to the leaching tanks. 
This load is leveled on the belt by means of a small V-scraper. The wet 
sands are discharged on to the dry material and another cross conveyor 
discharges dry material on top of the wet. At the first conveyor junc- 
tion, the entire load is turned over and mixed. The moisture coming 
in with the classifier sands also serves to settle the dust. 

Following the decision to remove the slime from the leaching-plant 


feed, tests on agitation leaching and settling were made by the leaching 


department, and flotation tests by the concentrating department, to 
determine a possible treatment plant for this material. 

Governed by the fact that time would not permit the design of new 
or untried equipment, and also that the concentrator division had ample 
unused equipment, only standard practice was given serious thought, 
and the following type of plant was constructed and placed in operation. 


Flotation 


The pulp, with the addition of standard flotation reagents, enters 
an Inspiration-type flotation cell direct, as no grinding is necessary. 
The resultant concentrate is settled in Dorr thickeners before filtration, 
while the tailing goes to Dorr thickeners, formerly used by the con- 
centrator, which precede the slime-leaching plant. Results are shown in 
Table 7. 


TaBLE 7.—Results of Flotation Treatment from Yearly Reports 


1930 1931 

Wry COWS theabed es 2: ec Soe Be ec e asl shee nas viel 154,909 146,468 
Or vatONS DELOAVE a. ac te ORES os rbe eh es 545.5 569.9 
lids IDeteeds PELICON GMa. os fj. he ee tes ay ara 20.35 
IMintsp2Q0-mesi In feeds. 4... woke Ae tk s e eee 87.5 85.8 
Feed 

Oxide CODpET) PEF COME: «sce d ee once eens 1.285 1.156 

Sulfide copper, per cent. . sor. C2 RO ne eee 0.346 0.389 

Total copper, per cent. . : eee 1.631 1.545 
General concentrates, pemenises be ¢ CONPOLE: 5 jumtias oer 45.341 4.300 
Tailing 

Oxide copper, per cent...............---- sees 1.187 1.072 

Sulfide copper, per cenit =. i... ee eee ee 0.138 0.169 

Total copper, per Cent... .1F-.. 2... cece es 1.325 1.241 
Recovery 

Oxide-copper,-per cents. eerie rere eee. eee. 7.63 7.94 

Sulfide copper, per cent.............56..55-0005- 60.12 || 56.78 

Total COMper, Per CMb. cic... bees Fe ee eee 18.76 20.21 

Copper per ton of feed, Ib.............-..-.+--- 6.12 6.24 
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Slime-leaching Division 


Fig. 6 shows the flow sheet of the slime-treatment plant. Three 
Dorr slurry mixers, each 36 ft. in diameter and 20 ft. deep, are used 
for storage of the thickened slime. The capacity of these mixers is 
750 tons of dry slimes in a pulp carrying 3314 per cent solids. The pulp 
entering the storage tanks is sampled for assay and the percentage of 
solids determined. This pulp sample represents the feed to the slime- 
leaching plant. From the storage tanks, the pulp is drawn continuously 
to the Dorr agitators. Acid is added with the pulp entering the first 
of three agitators after being accurately measured in unit tanks which 
are filled from the main acid storage. 

The agitators consist of circular, flat-bottomed, wooden tanks, lead- 
lined, with a one-inch wooden lining, loosely fitted, to protect the lead. 
The agitating mechanism is carried by a superstructure resting on the 
tank walls. The mechanism is made up of a central hollow steel shaft 
above the pulp level, and wood, treated with creosote, below. This 
wooden structure is built so as to serve as an air-lift, the air being sup- 
plied through the hollow shafting to lead pipes. 

Two raking arms are attached to the lower end and two troughlike 
distributing arms at the upper end. The wooden structure is fastened 
with bolts completely incased in lead, and the blades are of steel, covered 
with rubber. 


TaBLE 8.—Metallurgical Results at the Slime Plant 


1930 1931 
Feed 
Dry tODS eee Cae On, te nel eknre + Shela 104,037 145,001 
Oneraboig ayers 68 ee Bey se er tee 220 290 
TOUS WORMenVe reer n Fan es ct ee ee er ee 472.9 500.0 
SIONS; HOR COM Ge Meets cigs oe. adh eke eee ee 38.1 38.5 
Minus 200-mesh material, per cent............--. 86.9 86.0 
Oxide copper, per cent.......-.-.--- +022 seers: , 1.175 1.068 
Sulfide copper, per cent........-..0.5 05-2 ee eee 0.161 0.175 
Total copper, per cent.....c 0... 1. ee ee eee eee 1.336 1,243 
Tailing 
Oxide copper, acid-soluble, per cent...........--- 0.040 0.061 
Oxide copper, water-soluble, per cent............ 0.022 0.035 
Sulfide copper, per cent.............-.0e eee sees 0.101 0.122 
Total copper, per cent...........--0: + eee esters 0.163 0.218 
Extractions 
Oxide copper, per cent..........--5-+- + seers 94.72 91.01 
Sulfide copper, per cent...........--2 255605 eee 37.27 30.29 
Total copper, per cent............-.2- eee errr eee 87.80 82.46 
Copper per ton; Ibs. 2. fu... S68 ee eee ee 23.46 20.50 
Pounds 60° Bé acid per ton ore..........----+--- 108.3 100.3 
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The agitators are 20 ft. in diameter and 14 ft. deep, with a combined 
capacity of 9918 cu. ft. A speed of 6 r.p.m. of the agitator arms is used. 
As the agitators operate in series, the pulp with acid added enters the 
first agitator. The acid contact, or agitation time, ranges from 5 to 6 hr., 
depending upon the tonnage to be treated. The recovery of the dis- 
solved copper leached from the slimes by agitation is accomplished by 
counter-current washing. Metallurgical results at the slime plant are 
shown in Table 8 and an airplane view of the plant is given in Fig. 7. 


Thickeners 


Four Dorr traction thickeners 150 ft. in diameter are used. The tanks 
are of reinforced concrete with gunite surface. The traction arms are of 
treated wood below the solution, fastened with bolts completely incased 
in lead, and the rakes are of rubber-covered steel. Each thickener has 
two triplex Dorrco diaphragm suction pumps, rubber-lined so as to be 
acid-resisting. Repulpers, or mixers, precede all thickeners or wherever 
thickened pulp is mixed with clear overflow solution. Lead lines are 
used for conveying the various solutions, while wooden launders, painted 
with an asphaltic paint, are used for transportation of pulps. The 
recovery of copper dissolved was 98.16 per cent in 1930 and 96.7 per 
cent in 1931. Table 9 gives the report for 1931. 


TABLE 9.—Slime-plant Metallurgical Report, 1931 
ee ee a ee ae aa a cee, a ee Se 


Solution Analysis, Grams per Liter 


Overflow Thickener 

Copper | Acid | Tgtal | Discharee, 
Solids 
MHUTEICKENEI™ Son tors eis holes oe ype 4.7 3.0 46.8 
20 bHickKenereeeee ete Aocra a casera tr 1.19 2.7 5.4 44.5 
Sele hice eciatsins es Oe ee ee 0.53 2.3 6.4 43.7 
At eG iGk@neGaeys ¢<i eso. oohc ans wae 0.21 ei 7.0 43.7 

From cementation launder........... 0.00 D1 7.8 


Cementation Launders 


The launders, in principle, are a duplication of those at the leaching 
plant. At the leaching plant, however, the launders are in one group, 
with the iron storage at one end and the trommel for washing at the other 
end. At the slime plant, the launders are divided into two groups with 
the trommel in the middle and the iron storage at both ends. This 
greatly shortens the crane travel and speeds up operation. Seven 
double-section launders, 40 ft. long and 20 ft. wide, with an average 
solution depth of 5 ft., are used in this service. Baled tin cans are used as 
a precipitant. See Fig. 8. 
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A traveling gantry crane spans thee ntire plant. By means of an 
electromagnet, the cans are unloaded from railroad cars and placed in 
storage or put directly into the iron launder. When a section of the 
launder reaches a point where precipitation has practically stopped, the 
solution is drained through weep holes and excavation with a clamshell 
bucket is started. 


‘Sons crse ; pana ! 
Fig. 8.—Iron LAUNDERS AT THE INSPIRATION SLIME PLANT. 


In separating the undissolved cans from the cement copper, a trommel 
12 ft. long and 5 ft. in diameter, revolving at approximately 13 r.p.m., is 
used. Holes 34 in. in diameter permit the cement copper to fall into a 
sump, while the undissolved cans come out of the lower end of the trom- 
mel to another sump and are returned to the launders. Water entering 
through a pipe extending into the trommel washes the cement copper 


TABLE 10.—Combined Results from Leaching and Slime Plant 


| 1930 | 1931 

Original feed to leaching plant 

Oxide: copper; per -gemti... 105 @ ee ee ae 0.704 0.655 

Sulfide copper), percent; — oe ae ee eee 0.536 0.665 

Total coppers per cent..\7( ahs cx st, on ae ee 1.240 1.320 
Combined tailing from leaching plant and slime plant 

Oxide copper, per ceht,...c5) an. ae 0.022 0.025 

Sulfide copper, percent.) al0.'2et ee), SA ee 0.093 0.140 

Total copper, percent: jiu.) ke ee 0.115 0.165 


Combined extraction 
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through the holes into the cement-copper sump. The water overflows 
to a pump and returns to the trommel. The cement copper is loaded 
from the sump with the clamsheel bucket to cars, and is shipped to 
the smelter. 


ComBINED Extraction Resutts From LeacHinc PLANT AND SLIME 
PLANT 


Although the leaching and slime plant results are reported separately, 
the combined results actually represent the copper extracted from the ore. 
Because of the difference in treatment, and inventory material under 
treatment, it is difficult to match the individual charges or lots correctly. 
However, the period results are approximately correct, as shown in 
Table 10. 


Tank Hovuse 


The tank-house personnel consists of 50 men, which includes all help 
for the starting-sheet section as well as for the commercial section. 
The tank house is capable of producing 200,000 lb. of copper per day. 


General Electrical Data 


The generating equipment has a capacity of 36,000 amp. at 320 volts. 


It consists of three units, each having two generators, centrally driven 


by a 5450-hp., 500-r.p.m., synchronous motor. 

As the tanks are arranged in two parallel lines, great precaution is 
taken to avoid tank short circuits, as these result in a direct loss of power. 
An 11-ft. length of 4-in. rubber hose is inserted in the solution feed line to 
each tank, and a 16-ft. length of 12-in. rubber hose in each pump suction 
avoids short circuiting at this point. Each tank overflow drops through a 
6-in. tile pipe to a central distributing launder. 

The tank house consists of 120 commercial tanks and 20 starting- 
sheet tanks. 


Starting-sheet Division 


Considerable experimental work has been carried on in an endeavor 
to make a satisfactory starting sheet in the commercial division. To 
date, the conclusion has been reached that it is possible to make starting 
sheets from commercial solution, but the operation would be very uncer- 
tain and it is not reeommended. As the tank, house metallurgy must be 
regulated to suit leaching conditions, there are times when the circulating 
solution is not suited for the making of a good starting sheet. 

This division is, in reality, a small refinery of 20 tanks; each tank has a 
capacity of 95 blanks (cathodes) and 96 anodes, making a total of 1900 
blanks, capable of making 3800 starting sheets per day. The loops must 


eo  -e . ——- Do ee 


loops, blanks not stripped, and scrap. This gives a capacity of 323 ) 
finished starting sheets per day. Production, however, is regulated to : 
meet the requirements of the commercial department, which in turn is 


dependent upon the desired production of copper. The blanks are of 
refinery type, of rolled copper, with a groove on each side and on the 


bottom to produce a clean-cut sheet. 
Electrodes are spaced 414 in. from center of cathode to center of 


cathode, and blanks are stripped every 24 hr. A current density ranging 


from 14 to 16 amp. per square foot is used, and the average starting sheets 
weigh from 11 to 12 lb. each before looping. The solution circulation 
rate is 15 gal. per tank per minute, and the solution carries from 30 to 40 
grams per liter of copper and 120 to 150 grams per liter of acid. Accumu- 
lation of impurities is prevented by bleeding refinery electrolyte to the 


commercial division. ‘Two hot wells maintain a temperature of approxi- | 


mately 55°C. From 10 to 30 lb. of glue are added per day, at the discre- 
tion of the operator. 

Refinery mud, carrying gold, silver and copper, is washed to settling 
tanks, dried in open pans and shipped. 

The finished starting sheet is 44 in. long by 42 in. wide. The loops, 
which are cut with power shears, are 20 in. long by 4 in. wide before 
looping. On the ends of the starting sheets 2 in. are allowed for 
punching. This gives a finished sheet that allows 42 in. for submergence, 
with the entire loop and punching above the solution level. 

A new, rolled-copper blank is thoroughly cleaned before use, to remove 
any oxide, and amalgamated with mercuric nitrate. It is then oiled more 
heavily than normal and placed in operation. The first sheets to be 
stripped are usually not very good, but after a few days in operation, 
there is no more trouble. If a blank is to be removed and stored, it is not 
stripped. In this way the surface of the blank is protected from oxidation. 

Blanks are removed in groups of 14; and the hooks on the lifting 
basket are spaced so as to lift alternate blanks, ‘which permits more 
working room for stripping. At first, a steel tool made of small-size, 
hexagonal steel, properly sharpened and curved, was used for starting 
and stripping the starting sheets from the blanks. After 18 months of 
operation, a wooden tool made from an ordinary pick handle, with a steel 
end suitably attached, to be used as a starter, was substituted, as this did 
not scratch the blank. A smooth blank naturally a'lows easier stripping 
and yields a higher percentage of satisfactory starting sheets, with 
less scrap. 

After stripping, the blank is touched with amalgam solution wherever 
the steel starting tool may have scratched it. A cheap grade of oil is 


applied with cloth swabs, and the blank is then returned to the refin- 
ing tanks. 
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Blister-copper anodes, cast from converter copper, are received from 
the International smelter. These range in weight from 900 to 1100 lb. 
each. The set side of these castings usually is rough with occasional 
slag spots, but. this type of anode has been handled with comparatively 
little trouble, although new anodes do not consistently produce a good 
sheet for the first few days. After a tank begins to produce good starting 
sheets, however, it will often produce 100 per cent for days at a time. 
The plant is not equipped to work up odd lots of scrap anodes of vary- 
ing sizes, so when a tank shows some scrap the entire tank is scrapped. 
To date, 24.3 per cent of anode scrap has been made. This material is 
shipped back to the International smelter for remelting and casting. 


Petey 4 Se per TEN Ee Oras ak ay 
Fig. 9.—TANK HOUSE, INSPIRATION LEACHING PLANT. 


Commercial Division 


The commercial division consists of 120 electrolytic tanks (Fig. 9), 
33 ft. long, 4 ft. 3 in. deep, and 4 ft. wide. These are divided into 8 
banks of 15 tanks each, the electrolyte flowing in series through the banks. 
Fach bank has a solution circulation of approximately 1200 g.p.m., or 
80 gal. per tank per minute. 

Fach tank has 95 cathodes and 96 anodes, spaced 4 in. from center of 
eathode to center of cathode and placed perpendicular to the direction of 
solution flow. This makes a total of 11,400 commercial cathodes and 
11,520 lead anodes. 

Originally, a 414-in. spacing of electrodes was used. It was found that 
a current density of 11 to 12.5 amp. per square foot produced better 
results than higher current densities, and with less attention. A 4-in. 
spacing, which is now being used, permits greater cathode area and will 
give a greater unit production at a lower current density. When oper- 
ating with the current density mentioned, this spacing is the more 
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economical. It was felt that the greater area would give a larger precipi- _ 


tating capacity, but inspection difficulties have greatly increased with this 
closer spacing and it is doubtful whether this advantage exists. . 

The original anodes were made of 14-in., 4 per cent antimony lead, 38 
by 40 in. submerged, and supported by copper bars. Each anode was 
punched for eight porcelain insulators, which tend to prevent short 
circuiting, but now only five of these are used. These 44-in. anodes 
warped badly and they were first straightened by batting, with the result 
that the lead flowed badly. A multiple straightening press, operated by 
air pressure, was next installed, but the anodes were too light and it was 
decided to change to a heavier type. At present, all commercial tanks are 
equipped with }4-in. lead anodes containing 8 per cent antimony. These 
were cast and fabricated at this plant and are in excellent condition after 
more than two years of use. 


TasLeE 11.—Tank-house Results 


1927 | 1928 | 1929 | 1930 | 1931 
Currentidentsit ye jess Gaeta em 1422" [G11 28) 1456 (elses a 1129 
Kilowatt-hours a. ¢. per pounds copper 

precipitated... ccc. eae osama 1.641; 1.540). 1.695) 1.615) 1.431 

Cathode efficiency, per cent.............. 61.4 >) 64.7--| G1. 85 | 64.17} 6Gy9 
Anode efficiency, per cent............... 41.1° |.438.3) 4 60-27. 53:6 a Saag 
Copper, grams per liter, in...............| 28.2 | 23.4 | 28.2 | 33.1 | 26.4 
Copper, grams per liter, out............. 22.3 4-18.2 ~| 23:7 996-6 421.6 
Total acidity, grams per liter, in.......... 41.4 |630:6 | 25.57 .°26.9 1.33.8 
Total acidity, grams per liter, out........ 56.6 | 45.0 | 42.4 | 38.4 | 41.1 
Ferric iron, grams per liter, in............ 5.9 5.3 4.5 3.1 4.0 
Ferric iron, grams per liter, out.......... 10.2 9.3 | 10.0 9.1 8.6 
Total iron, grams per liter............... 17.3 | 16.0 | 18.6 | 16.4 | 20.0 


The starting sheets are threaded (insertion of copper supporting bar), 
painted and straightened by contract labor. The painting is done just at 
the solution line with a single stroke of a brush, using a cheap, semi- 
acid-resisting paint. A sheet not painted in this manner will cut off 
at the solution line in about five days. The sheets are then grouped on 
racks, moved by the crane opposite the tank where they are to be used, 
and are placed in the tank by hand. 

Kach cathode is straightened at the end of 24 hr. Additional straight- 
ening or the removal of sprouts is dependent upon operating conditions. 
After each movement, the cathodes are checked by meter men for poor 
contacts or short circuits. Both a voltmeter and a locally designed 
millivoltmeter are used to detect short circuits and faulty contacts. The 
latter consists of two contact points, accurately spaced in a small wooden 
frame that is placed on the cathode supporting bar, and the current flow is 
recorded in millivolts. Thisisa very sensitive means of detecting trouble. 
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Best results are obtained by pulling a finished cathode weighing 
between 90 and 100 lb. total weight. The cathode life, therefore, varies 
with the current flow. A five-day cathode is pulled for a maximum 
production. In pulling copper, one-fourth of a tankful is lifted at one 
time, conveyed to the wash tank and submerged in boiling water. From 
here the cathodes are dropped on to a steel rack with an inclined back, 
by moving the crane slowly backward and permitting them to knock 
themselves off the crane basket hooks. Two pulls are placed on each 
rack. A storage-battery truck with a low platform slides under the 
loaded rack, raises it and transports the load, first over the scales and 
then into railroad box cars for shipment. In the cars the cathodes are 
lifted by hand and stacked as desired. 

The weight of copper from each electrolytic tank is recorded, and the 
efficiency figures for each day’s production are arrived at by using ampere 
and voltage readings taken each shift during the life of the particular 
cathodes pulled. Starting sheets going to each tank are weighed, this 
weight being deducted, from the total cathode weight to obtain the 
weight of copper precipitated. Tank voltage readings are taken each 
shift and carefully compared to the total switchboard voltage. In the 
generator room hourly ampere readings are recorded, and the kilowatt 
input and output of the generator station is measured by recording meters. 
All final figures from this department are based on copper production and 
power actually paid for. The latter figure includes line loss from sub- 
station to generators, and generator conversion efficiency, as well as all 
transmission, contact and minor losses. 

The tank-house production, naturally, is dependent upon the amount 
of copper dissolved from the ore, and the current density is varied to 
satisfy this condition. Within certain limits, a reduction in current den- 
sity is accompanied by a lower power consumption. For instance, within 
the normal working range of the tank house, all conditions being equal, 
the voltage decreases 0.1069 with a decrease of one ampere per square foot 
in current density. The power represents approximately 80 per cent of 
the total tank-house cost. Results of operation in the tank house are 
given in Table 11. 

If the copper strength in the electrolyte is held too high, the copper in 
solution entrained in the ore to be washed will be high, resulting in the 
manufacture of excess cement copper, thus increasing the cost of produc- 
tion. Within certain limits the grade of copper in the electrolyte has 
little effect on precipitation results. 

For the first four years of operation, the acid strength to satisfy 
the possible solution neutralization on the ore, with the subsequent 
precipitation of iron salts, was held sufficiently high so that no trouble 
was experienced from this source in the tank house. In the winter of 
1930-1931, it was decided to try a much lower acid concentration for 
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anode which reduced anode efficiency materially. Although the tank — 


house has operated many days with a free acid strength of 10 grams per 


liter in the entering solution with no poor results, for the sake of safety 


the low limit of free sulfuric acid to the tank house has been placed at 


15 grams per liter. The acid strength must, therefore, be regulated to 


satisfy the acid consumption and oxide extraction in leaching and, at the 
same time, not less than 15 grams per liter going to tank house. 

This entire process is built around the efficiency of oxidation of ferrous 
sulfate to ferric sulfate in the tank house. Ferric sulfate is extremely 
detrimental to tank-house efficiency. A variation of total iron in solu- 
tion, together with the arrangement to heat solution, either preceding or 
following electrolysis, constitutes a partial control of the ferric sulfate 
balance. Further, an anode freshly cleaned will produce the highest 
anode efficiency. The present anodes were placed in operation in March, 
1929, and in January, 1931, after two years of continuous operation, the 
anode efficiency dropped from an average of over 60 per cent to about 
35 per cent. Anode efficiency may be defined as the relation between the 
actual amount of ferrous sulfate oxidized to ferric sulfate per pound of 


copper precipitated to the theoretical amount. The only apparent ~ 


change in operation was the lowering of the acid concentration. It was 
noticed that in addition to a very hard scale, which had been forming for 
some time and which tended to blind the anode, there was a small amount 
of hard, yellowish precipitate on the anode. 

Anode cleaning was new and some little time was lost in arriving at a 
satisfactory method for cleaning so many electrodes. Experimental work 
showed that by reversing the current on an anode, that is, using the anode 
as a cathode, in a water-acid bath, the anode could be cleaned easily. 
Several standard tanks were set aside for this purpose. After 60 minutes’ 
treatment (although a longer time made the cleaning easier and better), 
in a water-acid bath, the acid strength running as high as 300 grams per 
liter, and the current density from 25 to 30, the anodes were easily cleaned 
by means of a brush and jet of water, By cleaning the anodes every 
two weeks, it is possible to maintain an average anode efficiency of 
approximately 75.0 per cent. Average figures show that a voltage drop of 
0.05 volts takes place after each cleaning. 

It was concluded that the yellowish precipitate could be avoided by 
maintaining the proper acid concentration. The scale, however, will 
continue to form with operation and will have to be cleaned off at inter- 
vals, the frequency of which depends upon the desired strength of ferric 
sulfate or, in other words, anode efficiency. 

Sampling of the cathode copper is done once a month, which serves as a 
control and a check on refinery results. A typical analysis of electrolytic 
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‘copper of March, 1931, is as follows: Cu, 99.87 per cent; Fe, 0.021; Ni-Co, 
0.0006; Zn, tr; Sb, 0.0005; As, tr; S, 0.045; Se and Te, tr; Cl, tr. 


Electrical Losses 


Because of the single-circuit tank house, the circuit is opened at speci- 
fied intervals, at some point distant to the generators, and the voltage 
brought to an operating level in order to determine losses. . The leakage is 


- measured directly in power, and it has never exceeded 1.0 per cent with a 


voltage as high as 350 volts, which is a 9.4 per cent generator overload. 
A complete survey of the tank house shows an electrical loss of 0.62 per 
cent through the copper buses, and a contact loss of 0.87 per cent. 


CEMENTATION LAUNDERS 


Nine double-section cementation launders, 60 ft. long and 20 ft. wide, 
with an average solution depth of 5 ft., are used in this service. Baled tin 
cans are used as a precipitant. Only copper from wash waters is precipi- 
tated as cement copper, and as the surge tanks are of sufficient size, both 
preceding and following this plant, the operation is continuous. The 
solution flow in the tanks is in series and the distance of travel is regulated 
so as to remove practically all of the copper and, at the same time, lose as 
little of the acid as possible. 

As at the slime plant, a traveling gantry crane spans the entire plant, 
and, in general, the entire operation is the same. 

The total amount of cement copper produced is practically the same 
as the amount of blister copper used for starting sheets, and, therefore, 
approximately amounts to an exchange of copper with the smelter. 

There being no discard at this plant, the purpose of iron precipitation 
is to assist in maintaining the desired iron strength in leaching solutions, 
and allowing a cleaner wash of leached tailing with a minimum addition of 
fresh water. Table 12 gives some general results. The consumption 


TasLe 12.—Iron Precipitation 
runs rns ne 


Copper Iron Consumed 
Ton Ore beached, Fe 
ODIO A GM ae tect et a) eolleradersr a oba ai atin Ail s9i ste. Se 3.16 1.924 
TRU ACL, fea Ven Geta 0c icleec Oe ReD EREREEOOT Ir Cacia ro CL OR COG P IATA!) 2.054 
Tee Ree pn Ed oom ee Ooo art atta uo ae aoc 4.34 2.048 
TOE ee a os woe aac on = ciid DiaoIIGO DIN Zaid 1.868 
TORT ov oteone Getic He cic DE noe Womb Ukau > miei 2.33 2.209 
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of iron seems very high, but this is caused by high percentages of acid and 
ferric sulfate in the solution going to the launders. This division has 
produced as high as 1,000,000 Ib. of copper as cement per month with one 
craneman and three Mexican laborers per shift, working two shifts per day. 


The Metallurgical Plant of the Andes Copper Mining 
Company at Potrerillos, Chile 


By L. A. Catuaway* anp F. N. Korpet,{ Porrerimuos, Caine 


THE property of the Andes Copper Mining Co. is in the central part 
of the Republic of Chile, Province of Atacama, about 75 miles to the east- 
ward from the port of Chafiaral. At this point the Andean system is 
made up of two principal ranges, and the mine and metallurgical plant 
are both on the westerly slope of the outer or western range. Mean 
elevation of the mine is 10,500 ft., while at the plant the elevation 
ranges from 9445 to 9700 ft. A meter gage railroad extends from the 
company’s port at Barquito, near Chafiaral, to the reduction plant at 
Potrerillos. This road has a total length of 94 miles, of which 57.79 miles 


are owned by. the Andes Copper Mining Co. and the remainder of the 


road is controlled by the State. 

Development of the Potrerillos mine and installation of the metal- 
lurgical equipment presented unusual difficulties due to the arid nature 
of the country, high altitude and remoteness of the location from any 
considerable center of population. As a primary step it was necessary 
that railroad transportation be provided in order that mine development 
and plant construction could go forward on an economical basis. 

Provision of an adequate supply of water for domestic and metal- 
lurgical uses involved the construction of approximately 178 miles of 
pipe lines, all of which have their sources at altitudes ranging from 
12,000 to 14,000 ft. above sea level and traverse rough and difficult 
terrane. Water for metallurgical use is brought to Potrerillos from the 
Ola River, a stream originating in the high cordillera to the eastward 
from the property. It is delivered by means of a steel pipe line, 32 miles 
long, having diameters ranging from 22 to 36 in. Domestic water is 
supplied to the various camps through a system of pipe lines aggregating 
146 miles in length, the Ola water being unfit for this purpose. These 
conductors gather water from numerous springs in the high mountains 
to the eastward from Potrerillos and deliver it to the mine, the reduction 
works and the port at Barquito. 

Extensive permanent housing facilities had to be provided as it was 
necessary to care for more than 3000 workmen and employees at the 


* General Plant Superintendent, Andes Copper Mining Co. 
} Superintendent of Oxide Division, Andes Copper Mining Co. 
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various camps, including the mine, Potrerillos, Llanta (a division point 
on the Potrerillos Railway) and at Barquito. if 

Power needed for general use is generated at three different points; — 
namely, the Barquito steam-power station, the Montandon hydroelectric A 
installation, and the waste-heat steam plant at Potrerillos. In the Bar- 
quito station there are installed five B. & W. 1000-hp. boilers and four — 
7500-kw. steam-turbine driven generators. Current is delivered to — 
Potrerillos at 88,000 volts over a double three-wire transmission line 
carried on steel towers. Total length of this line is 79.23 miles. The 
Montandon hydroelectric station is on the Ola pipe line and makes use of 
the part of the effective water pressure that is not needed for delivering 


Fig, 2.—SMELTER AND ACID-PLANT BUILDINGS, ANDES Copper Mrnina Company. 


the water to the reduction works. This station has a generating capacity 
of 1800 kw. Power is delivered to Potrerillos over a three-wire single- 
circuit transmission line 9.57 miles long, at 13,000 volts. 

In the smelting plant waste heat is utilized for generation of steam | 
and a 600-hp. Heine boiler is also available when needed. Two 3000-kw. | 
generators are provided for utilizing waste-heat steam, and that from the 
auxiliary boiler. 

The service department includes a machine shop, boiler shop and 
foundry, equipped with adequate machine tools for handling all neces- 
sary repair work. A carpenter and pattern shop, equipped with a full 
layout of wood-working machines, is also provided. 

In the company’s orebodies the copper occurs in both sulfide and 
oxide form. However, the cutoff between oxide and sulfide ore is sharp 
and there is little or no mixed ore, Because of the necessity for treating 
these two classes of ore, two separate metallurgical plants were con- 
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structed. They are interdependent only to the extent that the sulfuric 
acid for leaching the oxide ore must be produced through the roasting 
of sulfide concentrates, there being no other available source of cheap 
sulfur. 

The reduction plant is on an alluvial shelf about 214 square miles in 
extent, the surface sloping to the westward on a mean gradient of 10 per 
cent. The various metallurgical units are located so as to provide for a 
gravity flow of pulps and solutions generally throughout the plant. 
A number of gulches to the westward from the plant site provide ample 
area for impounding tailings. 

Construction of the sulfide division was started early in the year 
1925. The concentrator began work in the month of December, 1926, 
and the smelter in January, 1927. Construction of the oxide section 
was proceeding before the sulfide units were finished, and this division 
was ready for production in the month of May, 1928. 

The mine and reduction works are connected by a meter gage railroad 
6.215 miles long, which extends from the plant receiving bins to the 
underground storage bins at the mine. This road has a compensated 
grade of 0.3 per cent. Tunnels make up 53.50 per cent of its total length. 
Trains are made up of 28 cars each and are hauled by two 45-ton General 
Electric direct-current locomotives operating in tandem, which take their 
power from a third rail at 500 to 650 volts. 

The ore is delivered direct to the receiving bins at the coarse-crushing 
plant, and a description of this unit, as well as other departmental 
installations at the Potrerillos reduction works, will be found in the 
following pages. A general plan showing the relationship of the various 
metallurgical units, railroad trackage, etc., is also included (Fig. 3) 
together with diagrammatic flow sheets pertaining to each of the prin- 
cipal divisions. 


SULFIDE METALLURGICAL PLANT 


The sulfide metallurgical plant includes a roaster plant, reverbera- 
tory furnaces and converters. The material treated consists of con- 
centrates, oxide-plant secondaries and lime rock. 

The concentrates are delivered from the Oliver filters of the concen- 
trating plant to a 14-in. conveyor belt, which, in series with two other 
14-in. belts, delivers the concentrates either to the roaster plant or to 
an emergency storage bin under the inclined conveyor between the filter 
and roaster plants. 

Because it is necessary to produce two grades of concentrates, one 
having high sulfur and low arsenic content for acid making and the other 
having the remainder of the arsenic and copper in the form of a high- 
grade concentrate for direct smelting after drying, all the conveyor 
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system except the part used for the addition of fluxes is equipped with 
double conveyor belts. When only one grade of concentrate is being 
produced, one of the series of belts is stopped. 

The average concentrate, including that going to the acid-plant 
roasters, has approximately the following analysis: copper, 29.17 per 
cent; sulfur, 32.47; iron, 22.13; insoluble, 13.86. 


Sulfide Roaster Plant 


There are two roaster plants; namely, the sulfide and acid-plant roast- 
ers. The acid-plant roasters treat dry concentrate from the sulfide 
roasters and produce the necessary sulfur dioxide gas for sulfuric acid 
generation, and calcine that is smelted in the reverberatory furnaces. 

The sulfide roaster building, 38 ft. wide by 208 ft. long by 80 ft. high, 
is constructed of structural steel, sheathed and roofed with corrugated 
iron. Roasting equipment consists of seven Wedge roasters with their 
charge and discharge hoppers, Cottrell dust precipitators, service elevator, 
ete. The roasters in this plant can be used for calcining, but usually 
they are operated only as drying furnaces. They furnish the dry con- 
centrate to the acid plant, which must be below 1 per cent moisture, and 
the dry fluxed concentrate going direct to the reverberatory, which 
averages approximately 3.5 per cent moisture. 

: The charge hoppers are filled by a series of conveyor belts, Nos. 19, 
20 and 21, running from the flux bin through the concentrate filter plant 
to these hoppers. The hoppers have a capacity of 85 tons each and are 
discharged by 42-in. apron feeders. The furnaces are 22 ft. in diameter 
and have seven hearths and a drier hearth. When a roaster is being 
used for calcining concentrate, the hollow cast-iron arms are cooled with 
air under 10 oz. pressure. Oil burners for starting the calcining operation 
and for drying concentrate are on the third, fifth and seventh hearths. 
The firebrick muffles, or combustion chambers, in which the oil is burned, 
are 2 ft. long and have an opening 8 in. square. They are set into one 
of the furnace inspection doors on each hearth, as noted above. Fuel 
consumption for drying varies from 0.04 to 0.08 bbl. per ton of charge 
through the furnaces, depending on moisture content of feed and product. 
The roaster shaft makes 0.75 r.p.m. and the tonnage per roaster day 
varies from 90 to 160 tons according to dryness of feed and product. 
Each furnace is provided with a 25-ton discharge hopper into which the 
dried concentrate, or calcine, from the seventh hearth drops. Dust 
collected by the Cottrell dust precipitators falls vertically through iron 
pipes into these hoppers. 

Each furnace is equipped with a two-compartment Cottrell treater 
of steel shell construction, which is above and to one side of the roaster. 
The two compartments operate independentlych o of eather, so that one 
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Fig. 4.—PLan oF SMELTER. (DESCRIPTION ON OPPOSITE PAGE.) 
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Conveyor No. 18. A 14-in. belt from 
limerock crushing plant. 


Flux bin. Wood construction. 20 by 
20 X 72 ft. Divided into three com- 
partments of 530, 340 and 680 tons 
capacity. 


Five 18-in. apron feeders. 


Conveyor No. 19. Double from filter 
plant, 14 in. by 300 ft., 335 ft. per min. 


Concentrate filter plant. 


Conveyor No. 20. Double belt, 14 in. by 
185 ft., 8335 f.p.m. 


Concentrate storage bin. 
struction. 
centrate. 


{ Wood con- 
Capacity 1879 tons con- 


Conveyor No. 21. Double belt, 14 in. 
by 244 ft., 335 f.p.m. Rubber-edged 
angle scrapers used for removing 
material. 


Seven charge hoppers. Capacity 85 
tons each. Equipped with 42-in. 
apron feeders. Speed 6 ft. per min. 
Ratchet drive from roaster shaft. 


22-ft. dia. Seven 
0.75 r.p.m. Air- 


Seven Wedge roasters. 
hearths and drier. 
cooled arms, 


Seven wooden stacks. 


(All roasters have 
wooden stacks.) 


Six plate and wire-type double-unit 
Cottrell treaters. Each unit 12 by 12 
ft. by 28 ft. 9 in. Plate spacing, 1154 
in. Wire, No. 14 hard wrought iron; 
plates, corrugated No. 14 hard wrought 
iron. 


Header flue. Steel construction, 7 ft: 
6 in. by 130 ft. 


Steel stack. Brick-lined. 16 by 200 ft. 


Cottrell substation. No. 8 Sturtevant 
blowers, 11,000 cu. ft. per min., 10 oz. 
static head, furnish air for cooling 
roaster arms, 

Three power units and three 75-kva. m.g. 
sets: 

A =a.c. squirrel-cage motor, 
phase, 60 cycles, 2200 volts. 
B=a.c. generator, single-phase, 60 

cycles, variable voltage. 

C = 75-kva. transformer, single-phase, 60 
cycles, 200-75,000 volts max. Taps 
for lower voltages. 

D = mechanical rectifier. 


three- 


Oil-storage tanks: one roaster storage 
tank, capacity 16,000 gal.; three rever- 
beratory storage tanks, total capacity, 
36,000 gal. 


Track scales, capacity 50 tons. 


Roots blower room: one No. 6}4 blower; 
two No. 5 blowers; three Quimby oil 
pumps. 


Two steam oil heaters. 


Two 5-ton repair cranes, one at each end 
of converter-reverberatory aisle above 
60-ton cranes. Bridgespeed, 75 f.p.m.; 
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trolley speed, 50 f.p.m.; hook speed, 
50 f.p.m. 


Two 60-ton cranes, steel-mill type 
(extra heavy special design). 

Two 60-ton main hoists per crane, full 
load speed 10 f.p.m. 

One 10-ton auxiliary hoist per crane, full 
load speed 30 f.p.m.; bridge travel, full 
load speed 200 f.p.m.; trolley travel, 
full load speed 150 f.p.m. 


Three reverberatories, 115 by 21 ft., dry 
bottom, slag 2 ft., silica 2 ft. Side 
charging. Charge tracks on long axis 
of furnace. Oil-fired, using 4-lb. air 
for atomizing oil preheated to 150° F. 
Oil pressure 50 lb. per sq. in. 


Eight matte-ladle pits 
115-cu. ft. matte ladles. 


Clay mill, 9-in. wet pan. 


Hight 400-hp. Stirling waste-heat boil- ~ 
ers. 4088 sq. ft. effective heating sur- 
face per boiler. Working pressure, 400 
Ib. per sq. in. Two boilers in tandem 
per setting. : 


accommodate 


Reverberatory dust-chamber settling 
area. 8050-sq. ft. steel and hollow tile 
construction. Hopper bottom. 


Steel stack. Brick-lined, 22 by 250 ft. 


Boiler feed water pump room. Three 
steam turbine pumps. 


Four 12 by 26-ft. Peirce-Smith basic- 
lined converters, Tacoma-type hood. 
Max. shell speed, 0.31 r.p.m. Equip- 
ped with automatic tilting device, 
protecting tuyeres in case of power 
failure; 38 tuyeres, 14-in, dia. 


Converter dust chamber. Settling area 
7220 sq. ft. steel and hollow tile con- 
struction. Hopper bottom. 


Steel stack, 22 by 200 ft. Unlined. 
Bin for silica flux; 300-ton capacity. 


Crushing plant for converter cleanings. 
30-ton steel bin and grizzly; jaw 
crusher, Blake type, 15 by 24 in.; 39- 
bucket elevator, 12 in. by 82-ft. belt; 16 
by 36-in. rolls. 


Two receiving furnaces, 8 by 18 ft., oil- 
fired. Tilting. Speed 0.95 r.p.m. 
Magnesite brick lining. 


Two. straight-line casting machines. 
Speed 50.5 f.p.m. 42 molds per ma- 
chine. Blister-copper molds, 18 by 32 
in. by 314 in. deep. Bar weighs 
approximately 300 lb. 


Converter air line, 45-in. dia., 13 to 15 
Ib. air. 


Blister-copper scales, capacity 6 tons. 


Storage-battery locomotives: two  5-ton 
locomotives; five 15-ton locomotives. 


Six slag-pot cars; capacity 145 cu. ft. 
Eleven calcine cars; capacity 410 cu. ft. 
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side may be cut out and cleaned while the other is in use. Each double 4 
unit is 12 ft. square and 30 ft. high and is the ordinary plate and wire- 
type treater with gases passing through it vertically. The No. 14 


corrugated, hard wrought-iron plates are spaced 1154 in. apart. No. 14 


hard-drawn iron wires are used for the discharge electrodes. Current — 


for the Cottrell units varies from 30,000 to 40,000 volts and is supplied 
by a special substation adjacent to the roaster plant. The steel shells 
are heat-insulated on the outside with plastered expanded metal, an 
air gap being left between the shell and the plaster. | 

The exit gases from the furnaces are disposed of in three ways. If 
the roasters are calcining, the gases pass through the Cottrell dust 
precipitators and an unlined steel header flue to a brick-lined steel stack, 
which is 16 ft. in diameter and 200 ft. high. When the roasters are pro- 
ducing dry concentrate (under 1 per cent moisture) for the acid plant, 
the gases pass from the Cottrell treaters through a short steel stack direct 
to the air. If concentrate is being dried for the reverberatory (3+ per 
cent moisture) practically no dust is produced, so the Cottrell dust pre- 
cipitators are blanked off and the gases are discharged through short 
wooden stacks. The gases from the drying operation are relatively cool 
and as a result part of the moisture condenses in Cottrell treaters and 
flues, and corrosion follows. For this reason these units are bypassed 
when not needed. 

The hoppers under the furnaces are discharged through self-cleaning 
slide gates into 410-cu. ft. hopper-bottomed calcine cars. After sampling 
and weighing, these cars are moved to the acid-plant roasters, or to 
the charge floor of the reverberatory plant, by 15-ton storage-bat- 
tery locomotives. 


Main Smelter Building and Cranes 


Reverberatory furnaces and converters, together with the receiving 
and casting equipment, are contained in a structural steel building. 
The main section of the building is 75 ft. wide and 550 ft. long. Of this, 
200 ft. at the north end is occupied by the reverberatory furnace and the 
remainder forms the converter aisle. The crane runway, with a span of 
75 ft., extends the full length (550 ft.) of this section. At the north end 
of the building an extension 200 ft. long by 42 ft. wide encloses the firing 
end of the reverberatories and the oil heating equipment. This wing is 
on the east side of the main structure. On the opposite, or westerly 
side, a similar extension, 200 ft. long by 67 ft. wide, houses the front end 
of the reverberatory furnaces, waste-heat boilers and boiler-feed pumps. 
The locations of the different units are shown on the smelter plan. In 
studying this plan (Fig. 4) it is essential to bear in mind that the floor 
level is the same throughout this building. 
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Two 60-ton cranes serve both the reverberatories and converters. 
The crane rails are 50 ft. above the floor level. Each crane has two 
- 60-ton main hoists and one 10-ton auxiliary hoist, which is between the 

_ two main hoists. At each end of the craneway, over the 60-ton crane 
at the end of its run, is a 5-ton single-hook repair crane. The 60-ton 
cranes transfer, by means of 115-cu. ft. cast-steel ladles, matte from the 
reverberatories to converters, copper from converters to receiving fur- 
naces and molten converter slag from converters to reverberatories. 
Boats holding approximately 5 tons each are used for handling the cold 
material such as converter silica, cold dope, and so forth. 


Reverberatory Plant 


4 Three reverberatory furnaces with inside dimensions of 21 by 115 ft. 
4 are at the north end of the craneway. They extend across and are at 
j right angles to the crane run. The back, or firing, walls are 16 ft. east 
of one crane rail and the skimming ends 24 ft. west of the other crane rail. 
The furnaces are spaced 50 ft. center to center with a distance of 
3 22 ft. between buckstaysonadjacent furnaces. The charge floors are 29 ft. 
; below the crane rail. The furnaces are of the usual silica-brick construc- 
4 tion except that, beginning 20 ft. from the burner wall, the insides of 
7 the side walls and the front wall of the furnace are lined with 12 in. of 
4 magnesite brick from the level of the silica bottom to somewhat above 
| the slag line. For 10 ft. on each side of the matte-tapping blocks, on 
both sides of the furnace, the magnesite lining makes up the full thickness 
of the walls to the buckstays. The arch is horizontal for 57 ft. from the 
; burner end and is 20 in. thick. From this point to the uptake, the arch 
is built of 15-in. silica brick and drops 2 ft. in this distance. The uptake 
extends the full width of the furnace and the connecting flues to the boilers 
are at each end of the uptake, at right angles to the longitudinal axis of 
the furnace. 

The furnaces are side-charged from tracks paralleling the length of 
the furnace. The weighed charge is dropped directly from the 410-cu. ft. 
caleine cars into the furnace through 10-in. charge pipes. The molten 
converter slag is charged through a door in the side wall of the furnace, 
10 ft. from the firing end and immediately under the skewbacks. This 
slag is poured by crane from the converter ladles into a cast-steel bowl, 
which is connected by a launder to a water-cooled, cast-iron runner 
passing through the side wall into the furnace. 

One matte tap-hole is on each side of the furnace at a distance of 
45 ft. from the front wall. There are eight matte ladle pits, 11 by 15 ft. 
by 814 ft. deep, two on each side of each reverberatory furnace. The 
two pits between adjacent furnaces serve both units. The pits are 
situated to the right and left of each tap-hole, 7 ft. from the furnace wall, 
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and have a working space of 12 ft. between them. ‘The matte is tapped — 
into 115-cu. ft. cast-steel ladles which are in these pits. The filled ladles 
are hoisted by the crane to an elevation above that of the furnace charge _ 
floor and transferred by the same crane over the reverberatories to 
the converters. 

Slag is skimmed intermittently through a door in the front wall of 
the furnace and flows through a port in the skimming floor into 145-cu. ft. _ 
slag pots, which are hauled to the slag dump by 15-ton storage-battery — 
locomotives. The slag pots are tilted by 714-hp. d.c. motors with controls 
on each car. The current for operating the tilting motors is furnished 
by the locomotive batteries. 

Fuel oil is used for firing, and from four to nine burners of a modified 
Cananea type are used per furnace, according to the tonnage being 
treated. The oil is delivered to the burners at 150° F. and 50 lb. pressure. 
The oil is heated by steam and the pressure maintained by Quimby screw 
pumps. Atomizing air, supplied by Roots blowers, is-varied in pressure 
from 214 to 414 lb. to suit combustion conditions in the furnace. One 
No. 6}4 and two No. 5 blowers furnish air for the roaster as well as for 
the reverberatory burners. 

The waste-heat boiler plant consists of four units, arranged so that 
two can be used by each furnace. A unit consists of two 400-hp. Stirling 
waste-heat boilers of 400 lb. working pressure, placed in tandem. The 
flues from the reverberatories enter the boiler setting at right angles to 
the long axis of the boilers. These short flues have a 40-sq. ft. cross-sec- 
tion and are provided with water-cooled dampers so that any boiler unit 
not in use can be cut off completely from the reverberatory. The slag 
and dust particles that settle in the forebay of the boiler are raked out 
through doors provided for that purpose. Brick-lined steel hoppers 
catch the dust that accumulates under the boilers, and these cleanings 
are returned to the reverberatory. 

From the waste-heat boilers, the gases pass through short flues to the 
reverberatory dust chamber. Each flue has two butterfly dampers for 
draft control. The dust chamber, which has a settling area of 175 by 
26 ft. and a height of 24 ft., is constructed of steel and hollow tile and has 
hoppers in the bottom for dust removal. From the dust chambers, the 
gases pass through a short flue to a brick-lined steel stack, 22 ft. in diame- 
ter and 250 ft. high. 

Jones-Wraith draft regulators acting on the. butterfly dampers keep 
the furnace draft constant to within 0.01 in. of water. An indicating, , 
recording and integrating Brown flowmeter, checked by tank measure- 3 
ments, measures the oil to the furnace. A recording thermometer for oil 
temperature is used, and also a gage for recording pressure of atomizing 
air. Gas analyses are made at intervals to check the combustion. 
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Converter Plant 


The converter plant occupies the south portion of the smelter building 
and consists of four Peirce-Smith converters lined with magnesite brick, 
two receiving furnaces, two casting machines and the slag crusher. The 
converter aisle is 350 ft. long by 75 ft. wide. The converters and receiving 
furnaces are on the west side of the aisle, with their longitudinal axis 
parallel to the crane run. 

The converters are 12 by 26 ft. and have thirty-eight 114-in. tuyeres. 
With matte containing 40 per cent copper, each converter can make 
approximately 90 tons of blister copper per converter day. Converter 
air at 13 to 15 lb. pressure is supplied by three 48 by 48 by 36-in. heavy 
duty duplex blowing engines, which are in the smelter power house. 
The converter gases pass through a Tacoma-type hood and gooseneck 
into the converter dust chamber, which has a settling area of 47 by 161 ft. 
and is 24 ft. high. It is constructed of steel and hollow tile, and contains 
hoppers for the removal of dust. A short flue connects the dust chamber 
to an unlined steel stack, 22 ft. in diameter and 200 ft. high. 

The two oil-fired receiving furnaces are 8 ft. in diameter by 18 ft. long 
and are lined with 9 in. of magnesite brick. They receive the molten 
blister copper from the converters, and serve two link-belt, or straight-line 
casting machines, which are set at right angles to the converter aisle and 
extend outside of the building on to the copper dock. For casting blister 
cakes, each machine carries 42 molds, which are cast without splash 
plates from high-sulfur blister. The cakes are 18 by 32 in. by approxi- 
mately 3 in. thick and average about 300 lb. each. The cakes from the 
casting machine are trimmed, weighed and loaded on flat cars for ship- 
ment. When casting anodes for production of starting sheets, the 
42 blister-cake molds are replaced by 14 anode molds. 

The slag crusher is in the south end of the converter aisle, adjoining 
the copper-receiving furnaces. Material to be crushed is dumped upon 
cast-steel grates having openings 9 in. square, where oversize material 
is broken by hand into the hopper-bottomed bin below. From this bin 
it is fed into a 15 by 24-in. jaw crusher set at 114 to2 in. The crusher 
discharges into the boot of an elevator, which in turn feeds a set of 36 by 
16-in. crushing rolls. The rolls crush to approximately 1 in. and dis- 
charge into cars. 

The flux bin for siliceous ore immediately adjoins the converter 
building opposite the row of four converters, and has a capacity of 
300 tons. Siliceous ore is delivered to this bin in bottom-dump ore cars 
and is discharged, by means of chutes, into boats handled by the converter 
cranes. Siliceous ore used is the regular sulfide ore that has passed 
through the gyratory crushers and is loaded into cars in the fine-crushing 
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plant. It contains approximately 70 per cent silica and 16 [ > 
cent alumina. he: 

The converters have an emergency automatic tilting device, which, — 
by means of auxiliary storage-battery power, turns the converters out of — 
the stack in the event of failure of power. This automatic device is 
non-acting except: (1) when the power goes off the line leading to the 
converter tilting motor, and (2) when the air pressure on the tuyeres falls 
below 7 lb. In either of these cases the power from the storage battery 
turns the converter enough to uncover the tuyere line. 

Eleven 410-cu. ft. hopper-bottomed steel cars, five 15-ton and two 
5}4-ton storage-battery locomotives, all of meter gage, are provided for 
smelter service. Six of these cars have closed tops and are used for 
handling calcine and dry concentrate. The other five, which handle 
moist concentrate, secondaries, etc. have opentops. They are discharged 
through hand-operated sliding gates, which are enclosed in dustproof 
housings. The storage-battery locomotives are used for light switching 
throughout the reduction plant. 

The data in Table 1 are typical of reverberatory smelting operations 
when calcining concentrates for sulfuric acid production. 


TaBixe 1.—Data for Second Six Months of the Year 1931 


Per CENT oF 
Sotip CHARGE 


Copper in matte, per cent 


NIHCeOUs feLbliNng OFE. uta c.scn occu. me ie eee ee 0.15 
Dried‘concentrates. 070° UES Se * Saree eee 20.90 
Caicined ‘concentrates. Ys) PU ee ae 63.20 
Smelter’ secondaries .!:.05. 0! US Adele a eee 12.80 
Oxide-plant:seeandaries::! i: «4. $a, tanks ebb eee 1.20 i 
Limerock in/consentrates, 4 jack esvcuqie 6 iii ee 1.75 s} 
100.00 | 
eee 
| Cu | s | SiO. | FeO | AlOs | CaO ; 
Analysis of charge, per cent...... 21.33 | 18. 16.4 | 35.9 4°2 1.5 | 
Analysis of slag, per cent........ .| 0.60 0.8 30.9 50.9 lee 2.5 | 


Fuel-oil ratio, bbl. per ton solid charge, 0.759. 


COARSE-CRUSHING PLANT { 


The elevation of the mine railway was the controlling factor in fixing 
the location of the coarse-crushing plant and receiving bins. A narrow 
gulch that cuts through the upper part of the inclined shelf or tableland, 
forming the main plant site, provided a convenient location. A 
double-track steel trestle spans this gulch. The crusher building is - 
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in the bottom of the depression and the railway crosses directly over the 
receiving bins. 


Mine to Mill Roilwoy 
ee 


2\2 
3/2 
4\2 


DESCRIPTION - COARSE CRUSHING PLANT 
YLIN. 


STLEL CYLINDRICAL BINS - Boiler plate - Inside 
dimensions 40$¢X 60- Storage cop. per bin 3900 tons - 
Live cop. per bin 2050 tons. 

S#" APRON FEEDERS - Andes type ~Speed 12.5 FPM. 

Mex. cop. ¢65 tons per feeder Aour. 

STATIONARY MANGANESE STEEL BAR GRIZZLIES 
Oversize - plus 3%". 

GYRATORY BREAKERS ~ Gates Nad - Style "K-Discharge™ 
minus S%"max.size - Orive-Directly connected throvgh 
Flexible coupling to motor. 

QUVERHEAD TRAVELING CRANE ~ Cab contro/- Large hook 
25 tons - Small hook Stons- Serves both Oxide ond 
Sulphide crushing units. 

6-7| 2 | BELTCONVEYORS Nos.2-3 -Size 30°'X40™- Plain grease 
tube and puiley idlers- Belt speed J40F PM. 

BELT CONVEYOR No.7 - Size 56" 1/25 ~ Heavy duty roller 

bearing idlers- Bett speed 440 F.PM. 

45" DIAM. ELECTROMAGNETS FOR TRAMP IRON 

250 Vo/ts- Suspended by hand operated crawls, 
BELT CONVEYOR No. 15 - Size 56°" 568'- Heavy auty ro/ler 

beoring idlers - Belt speed 430F- PM. - Equipped with 

hold back device. 


Sas DESCRIPTION- FINE CRUSHING PLANT 
cc 


(| 1 | TRIPPER FOR CONVEYOR No/5 - Andes type - Motorarwen- 
Speed -ISFFM. 

1 | RECTANGULAR STEEL ORE B/N - Storage cap. /600 tons- 
Live copacity 665 tons. 

36"APRON FEEDERS -Andes type -Speed /5 PM. 
Maex.cap. /SOtons per feeder hour. 

PRIMARY HUMMER _SCREENS -Tope 39- 4 foot tandem - 
Louipped with ¥e" square hole woven wire screen- 
Screening surface - Two 4x5 screens in tandem. 
PRIMARY SYMONS DISC CRUSHERS - 48° vertical improved 
type - Drive-Directly connected thru flexible coupling tomotor| 
Crusher product minus 1¥e"- Cap. about 130 tons per crusher hr 
8 | SECONDARY HUMMER SCREENS ~Type 39-single unit - 
Equipped with fax We" rectangular woven wire screen- 
| | Screening surface - One 4'*F5 screen, 

8 | SECONDARY SYMONS DISC CRUSHERS - Sameas item 
No./5 - Crusher product minus %" 
(| BUST REMOVAL FAN. 
/ | BELT CONVEYOR No/6 - Size 36"X 428'- Heavy duty roller 
bearing idlers - Belt speed 430 FFM. - £quipped with 
Merrick weightometer and hold-back device. 

OVERHEAD TRAVELING CRANE -Cab contro/- Large hook 

4S tons- Small hook $ tons. 

SAMPLE TOWER - Equipped with sampling equipment. 
BELT CONVEYOR Nol7- Size 36% 1120'- Same os conveyors 
“/Sand 76 except for length- Discharges on loading bridge 
conveyor, as it passes over bend pulleys of loading bridge. 
/ | TRAVELING LOADING BRIDGE - Electrically driven - 
Equipped with conveyor and tripper - Size of conveyor 
be/t J6V/05- Belt speed 425 F PM. Tripper crosses vat inSrmn| 
FINES BELT CONVEYOR- Size 20°X1516"- Belt speed 375FFI 
Carries undersize of Hummer Screens (/4) ¢0Woshing Plant 
Equipped with Merrick weightometer. 
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HH wide X 20'/ong ~ Four rokes - Speed 34strokes per minute 
FINISHING DORR CLASSIFIERS - Same os Roughing Classifiers. 
OLIVER ORUM FILTERS - Size 14°4X 12’. 
VACUUM PUMPS - Size 27°X/4'- Feather volves --Dupler type. 
VACUUM PUMP - Size 20°*/2* Corliss volves Duplex type. 
: Belt conveyor dimensions show width ia inches end 
o/stonce, center tocenter,of head and tail pu/leys. 

A// motors ore qperated by push button control and 


FINES TO SLIMES 
LEACHING PLANT 


Fig. 5.—LAYOUT OF OXIDE CRUSHING AND FINES-WASHING PLANTS. 


The installation includes five cylindrical steel ore bins, an equal 
number of No. 9-K Gates gyratory crushers, and the necessary auxiliary 
equipment such as apron feeders, conveyors, magnets, etc. The crushing 
machinery is enclosed in a structural steel and concrete building, 56 ft. 


wide by 268 ft. long. The roof and sides of the structure are covered v 
corrugated iron. ; 

The ore is received from the mine in trains of 45-ton Ingoldsby bottom- — 
dump ore cars. Just before the trains reach the crushing-plant ore bins, 
they pass over a Fairbanks track scale which is equipped with a Streeter- 
Amet tape-printing recording device. 

The coarse-crushing plant is made up of five identical parallel units, 
the three northern units handling sulfide ore and the two southern units 
handling oxide ore. Each crushing unit is provided with a steel cylindrical 
storage bin, 40 ft. in diameter and 60 ft. high, which receives run-of-mine 
ore (through mine grizzlies with 10-in. spacing). These bins are above 
and behind the crushers and are carried on massive concrete foundations. 
They are just. far enough apart to give clearance for structural steel legs 
that support the railroad trestle over the bins. 

Ore is drawn through a rectangular opening in the center of the bin 
floor by a 54-in. apron feeder of Andes design. The ore is moved about 
15 ft. forward, where it falls upon an ore-bedded shelf to retard velocity, 
and passes over two sets of stationary manganese-steel grizzly bars, 
arranged in tandem. All spill from undersize of feeder falls into under- 
size chutes of grizzlies by gravity so that cleanup is negligible. Grizzly 
bars are spaced at 214 in. at upper and 234 in. at lowerend. One-half to 
two-thirds of the ore passes through the grizzlies as undersize, and the 
oversize feeds into a gyratory crusher. Scrap mine timbers and heavy 
tramp steel are removed by hand before the ore drops on the grizzlies. 

The crushing plant is served by a cab-operated, four-motor, over-head 
traveling crane, equipped with hooks of 25 and 5 tons capacity, which 
travels the length of the building over the gyratory crushers and feeder- 
floor galleries. At the south end of the building there is a spare bay for 
repair work served by a railroad spur track. 

Crushers are set so that maximum size of crushed ore does not exceed 
314 in. At this setting, crushers take full capacity of feeders, which is . 
about 500 tons of sulfide ore per hour. Manganese-steel concave con- | 
sumption is approximately 1.5 lb. per 1000 tons ore. 

The discharge of grizzly undersize chute and gyratory crusher gotoa 
short inclined 30-in. belt conveyor. The grizzly undersizeisfedontothe 
conveyor belt first and is followed by crusher discharge. 

The coarse-crushing plant breaks the run-of-mine oxide ore (through 
mine grizzlies with 10-in. spacing) to about 3.5 in. maximum size. | 

Two 30-in. conveyors of the two oxide units deliver to a 36-in. con- 
veyor (No. 7) running at right angles to them and to the south. Two 
45-in. magnets overhang this belt following the discharge chutes of 
conveyors Nos. 2 and 3. 

Inclined conveyor belt No. 15, which is 36 in. wide and 585 ft. long, 
receives the ore from collecting conveyor No. 7, in the coarse-crushing 
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plant, and delivers it to the receiving bin of the oxide fine-crushing plant, 


_ distribution over the length of this bin being effected by means of a motor- 


driven tripper. 

When operating the units at capacity, the power consumption in the 
coarse-crushing plant, excluding conveyor No. 15, follows: Crushing, 
0.0779 kw-hr. per ton ore through plant; conveying, 0.0348; lighting, 
0.0144; total 0.1271. 


OxIDE METALLURGICAL PLANT 


The oxide ores as delivered from the mine are crushed in the coarse- 
crushing plant that crushes both sulfide and oxide ores. 


Fine-crushing Plant 


The oxide fine-crushing plant crushes broken ore from the coarse 
crushers to minus 14-in. maximum size. The plant is contained in a 
structural steel building, 70 ft. wide by 137 ft. long. The roof and sides of 
the building are covered with corrugated iron. There is an extra bay 
at the east end of the building for repair work and for entrance of a rail- 
road spur track. The crushers are served by a cab-controlled, four- 
motor, overhead traveling crane with hooks of 5 and 15 tons capacity. 

The ore is crushed in two stages from 314 to 4 in. maximum size. 
There are four parallel crushing sections, each consisting of one primary 
and two secondary Symons disk crushers, and auxiliary equipment. 

The fine-crusher receiving bin serves the four crushing sections. The 
bin is of steel construction, 100 ft. long by 19 ft. wide by 18 ft. deep, with 
a flat bottom, and has an ore-storage capacity of 1600 tons. Ore is 
drawn from the receiving bin by four apron feeders, through openings in 
the bin bottom. 

The feeder discharge passes over a type 39, 4 by 5-ft. tandem Hum- 
mer screen equipped with Ton-cap screens having 3¢-in. square openings. 
The undersize, which varies from 33 to 40 per cent of the total ore, drops 
upon a 20-in. conveyor belt and is delivered to the washing plant. The 
treatment of this material will be covered in the description of the wash- 
ing plant. The screen oversize forms the feed to the primary 
Symons crushers. 

The Symons crushers in the oxide fine-crushing plant are identical 
with those in the sulfide fine-crushing section. The primary Symons 
crushers are set to crush to approximately 11g in. The discharge from 
each of these crushers is halved by keeping the products of the two dis- 
charge chutes separated. Each of these halves furnishes the feed to a 
type 39, 4-ft. Hum-mer screen equipped with woven wire screen having 14 
by 7-in. rectangular openings. The oversize of each screen forms the 
feed to a secondary Symons crusher and the undersize joins the secondary 


crusher product. 


~~ 


694 METALLURGICAL PLANT OF ANDES COPPER MINING COMPANY 


The secondary Symons crushers are set to give a product with a 
maximum size of 14 in. The secondary crusher product, along with 
the secondary screen undersize, falls through vertical steel chutes on 
conveyor No. 16, which is in a tunnel under and in line with the 
fine crushers. 

The gross steel consumption in Symons disk crushers in the oxide fine- 
crushing plant has averaged 11.18 lb. per 1000 tons of ore. 

The only place in the crushing division where a dust problem is 
encountered is in the oxide fine-crushing plant on the secondary crusher 
floor, where there is considerable dust resulting from fine crushing, 
screening and the dropping of the ore on to conveyor No. 16. It is 


Fic. 6.—OXIDE FINE-CRUSHING PLANT; FEEDERS, PRIMARY SCREENS AND PRIMARY 
Symons. 


removed by a fan, which sucks the dust-laden air through a header that 
has dust ducts at each loading chute in No. 16 conveyor tunnel. Before 
reaching the fan, the dust enters a cyclone dust collector, which removes 
most of the solids. These solids are transferred to the washing plant 
for treatment. 

Conveyor No. 16, which is 36 in. wide and 428 ft. long, conveys the 
ore from the fine-crushing and washing plants to the sample tower. 
This conveyor is horizontal in the tunnel under the fine-crushing and 
washing plants and is then inclined upward to the sample tower. At the 
center of the incline, the conveyor belt passes over a Merrick weightometer. 

Conveyor No. 17 is 36 in. wide. It receives its load from the transfer 
chute in the sample tower and runs to the north, a distance of 1120 ft., 
along the east side of the leaching vats. When the conveyor belt reaches 
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the loading bridge, it passes up a short inclined conveyor way and over 
two bend pulleys on the loading bridge, and the ore falls into the chute 
which feeds the loading-bridge conveyor. 

The sample tower is a five-story steel building = the junction of 
conveyors 16 and 17, and contains the sampling equipment. A sample of 
the ore stream is taken by a bucket sampler as the ore falls from conveyor 
16. The sample is elevated and dumped into a small hopper, which 
feeds a set of crushing rolls (10 in. long by 18-in. diameter). The roll 
product is cut down by means of a slotted belt sampler. The reject from 
this belt is delivered to conveyor 17, and the sample, which weighs about 
1000 lb. per charge, is transferred to the laboratory sample mill. 

All conveyors and feeders in the oxide-crushing plant are so tied in by 
electric governing devices that stoppage of a conveyor belt stops preceding 
conveyors and feeders. 

The power consumption, starting at conveyor No. 15 and ending with 
ore delivered in vats, is as follows: crushing, 0.643 kw-hr. per ton of ore; 
conveying, 0.286; washing plant, 0.242; sample tower, 0.019; loading 
bridge, 0.029; lighting, 0.031; total, 1.250. 


Oxide Washing Plant 


Experimental leaching work on the Andes oxide ore in a pilot. plant 
demonstrated that the fines in the crushed ore were detrimental to 
leaching. When the test unit was started erratic and unsatisfactory 
results were recorded. Later the practice was established of adding water 
to the crushed ore before charging it into the leaching vats, until it 
contained approximately 4.5 per cent moisture. Uniform and satis- 
factory leaching resulted from this practice, therefore when the leaching 
plant was built provisions were made for moistening the ore before 
charging it into the vats. Soon after work at the leaching plant was 
started it became evident that merely moistening the ore before charging 
would not give satisfactory leaching results. An increased percentage 
of fines in run-of-mine ore, as well as variations in quantity, caused 
unsurmountable difficulties in the bedding of uniform and permeable 
charges. Several different methods of wetting and charging were tried, 
as well as both upward and downward percolation. None of these 
improved the extraction appreciably. 

Tests proved that the ore would leach satisfactorily provided a 
sufficient proportion of fines had been removed, and in order to remove 
the necessary amount, and the most harmful portion—i. e., the primary 
slimes—the washing plant was constructed. 

The washing units are enclosed in a three-story building which 
adjoins the oxide fine-crusher building on the west. 

The primary Hum-mer screen undersize (—3g in.) from the fine- 
crushing plant is delivered to the washing ere = a 20-in. conveyor 
belt which is equipped with a Merrick weightometer. There are three 
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washing and dewatering units, each made up of two Dorr classifiers, t v | 
Oliver filters and the necessary auxiliary equipment. Scrapers, wh ry 
serve as splitters, are installed over the 20-in. belt in such a manner that _ | 
the material to be washed can be delivered to any one or all of the washing — 
units. Usually it is not necessary to wash all of the —3-in. product; | 
but, owing to the dampness of the ore and the tendency for the screens to > 
blind, it is not feasible to use screens of a finer mesh. The portion thatis — 
not to be washed is scraped off the belt ahead of the washing units and 
falls into a steep chute, where it is moistened with water and delivered — 
to conveyor 16. 

The two Dorr classifiers of each unit are 11 ft. wide by 20 ft. long, and 
operate in tandem. The cut from the 20-in. belt at each unit is sluiced 
into a drum distributor, which feeds the rougher classifier. The sand 
from the rougher classifier is advanced into the finishing classifier. The 
washed sand from the finishing classifier is discharged to an Oliver 
filter. . 

The feed to the rougher classifier averages 18 to 20 per cent minus 
200 mesh. The overflow from the rougher classifier is laundered to the 
slimes-leaching plant. It contains about 10 per cent solids and amounts | 
to approximately 5.25 per cent of the ore fed to the fine-crushing plant. 
An average cumulative screen analysis of these slimes is: +48-mesh, 
0.30 per cent; +65-mesh, 1.43; +100-mesh, 6.36; +150-mesh, 14.34; 
+200-mesh, 27.40; —200-mesh, 72.60. 

The overflow from the finishing classifier is elevated by an air-lift and 
used for sluicing the sands into the rougher classifier. "The washed sand 
that forms the feed to the Oliver filter contains approximately 2 per cent — 
minus 200-mesh material. 

Two Oliver filters are provided for each unit but only one is used at a 
time, the other serving as a spare. Five of the filters are the usual drum 
type, except that they have two automatic valves, one on each trunnion. 
They are 14-ft. diameter by 12 ft. long. The sixth is a specially designed 
Oliver tray filter. Coco matting is used for covering the filters. .The 
vacuum is maintained at 2 in. of mercury. A higher vacuum tends to 
blind the coco matting. Under normal operating conditions the cake 
averages about 3 in. in thickness. The discharge from the filters, which 
contains approximately 11 per cent moisture, falls directly upon conveyor 
16 on top of the crushed dry ore. The dry ore absorbs enough moisture 
so that the conveyor belt does not become wet or caked with fines. 

A close control of the minus 200-mesh material in the charge to the 
vats is essential. In general, enough of the fines are washed to hold the — 
minus 200-mesh at not over 6.5 per cent. An average cumulative screen 
analysis of the vat charge is as follows: +0.525-in., 2.96 per cent; 
+0.371-in., 19.33; +4-mesh, 51.60; +8-mesh, 67.09; +20-mesh, 80.08; 
+48-mesh, 87.91; +-200-mesh, 93.99; —200-mesh, 6.01. 
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Representative fine-crushing and washing-plant data for a 7500-ton 


_ vat charge are given in Table 2. 


TABLE 2.—Data for 7500-ton Vat Charge 


Ore through fine-crushing plant, tons..................-000. 7,908 
Dre washed, OBR 257). giagas th ction nca.bd beedes benyase DP tiny es Gd tee rek ce 1,802 
_ Fines to slimes-leaching plant, tons................0.0-0000-. 408 
Pe eee OOTEN LOY At, CONNES ay sc on oes ose ce 1,394 
Wawashed ore torvat, tongs. <). i  , P ee 6,106 
loreouval, tone ter wots Wie Pee, rl) to uollnuale 7,500 
Orejwashed;iper-cent of total..|4 ww. dave owen 82. ide oa! 22.79 
Ore to slimes-leaching, per cent of total...................... 5.16 
Washed sands, per cent of vat charge.............. ei es eae 18.59 
Washed sands, per cent moisture....... 0.0... a. cs ees ecectce 11.52 
Total charge to vat, per cent moisture....................... 6.25 


LEACHING PLANT 


The leaching plant was designed to treat 7500 tons of ore per day by a 
six-day counter-current sulfuric acid leach, followed by the usual counter- 
current washing. 

The plant consists of a single row of nine leaching vats, a parallel row 
of eight solution sumps, a loading bridge, an unloading bridge, pumps 
and pipe lines. The sumps are elevated to permit a gravity flow of 
solution from the bottom of the sumps over the top of the vat walls. 
The solutions from the vats flow by gravity to the pump house, which is 
at the south end of the solution sumps, and are elevated to the solution 
sumps by horizontal centrifugal lead pumps. Lead pipe lines of suitable 
dimensions are provided for the transfer of all solutions. The ore is 
delivered to the loading bridge by a 36-in. belt conveyor (No. 17), which 
is on the upper side and extends the full length of the row of vats. The 
unloading bridge excavates and delivers the tailing to the sluicing system. 

The leaching vats are of reinforced concrete and are supported on 
concrete piers, 6 ft. 3 in. high. They are built in four sets of two vats 
each and a single vat. The inside dimensions of each vat are: length, 
105 ft.; width, 115 ft. and depth 19 ft. 6 in. The floors are lined with 
114-in. of mastic and the walls with 814-in. of acidproof brick laid up in 
mastic mortar. The filter bottoms are of the Inspiration type; 6 by 
6-in. sills, spaced on 16-in. centers, rest on the mastic floor. On top 
and at right angles to the sills, 2 by 3-in. boards are placed at 12-in. 
centers. The filter boards, which form a continuous floor, are laid on 
top and at right angles to the 2 by 3-in. boards. The filter boards are 
2 by 12-in. planks with ship-lap joints and have thirty-six 3¢-in. holes 
per square foot of surface, countersunk with a 34-in. hole from beneath. 
Stringers, 4 by 6-in., spaced at 30-in. centers, rest on the filter boards. 
They serve as wearing skids for the unloading bridge bucket. 


over the vat walls and have a capacity of 250 tons of solution per hour 


per lift. Air for these lifts is supplied by compressors in the purification ; 


plant. The air pressure varies from 20 to 25 pounds. 


The construction of the concrete solution sumps is similar to that 


of the leaching vats. There are two blocks of four tanks each. Each 
sump in the first block is 52 by 89 ft. by 18 ft. deep, and has a capacity 
of 2500 volumetric tons of solution. Two of these are lined with acid- 
proof brick, like the leaching vats, and are used for the storage of strong 
solution. The other two are lined with 10-lb. sheet lead and are utilized 
for storing spent electrolyte. The second block of sumps is used for 
the storage of wash waters and these sumps are lead lined. Two are 
38 by 89 ft. by 18 ft. deep, and the other two are 42 by 89 ft. by 18 ft. 
deep. Each sump has a single outlet in the bottom. 

There is a set of lead pipe lines above and below both the leaching 
vats and the solution sumps, connected in such a way that solutions can 
be transferred from the bottoms of the solution sumps to the tops of the 
vats, and from the bottoms of the vats to the pump house, from which 
they can be elevated to the solution sumps. Interconnections make it 
possible to transfer solutions in almost any manner desired. 

The lead pipe lines, larger than 4 in. in diameter, are all of the same 


Six 12-in. outlet connections are in the bottom of each vat, three at : 
each end. Each outlet is connected to a 10-in. air-lift. The center — 
outlet on the east end is used also for draining solution from the vat. — 
Four of the air-lifts are used for circulation and two for advancing solu- | 
tion from the bottom of one vat to the top of the next. They discharge 


construction except that the thickness of the lead is varied to conform — 


to the different solution heads. The pipes are lagged on the outside 
with 1-in. square wooden strips bound with strap-iron hoops, and rest in 
wooden saddles. Ajo-type rubber-diaphragm lead valves are used. 

The loading bridge that spans the leaching vats is of structural steel. 
It is mounted on power-driven trucks and carries a motor-driven belt 
conveyor and a tripper, which is actuated by a cable attached to an elec- 
tric winch. The ore from conveyor 17 falls on to the bridge conveyor, 
from which it is discharged by the tripper. The ore from both sides of 
the tripper drops into a V-shaped hopper, which runs the full length 
of the bridge. In this hopper the two streams of ore are brought together 
and discharged through a narrow slot into the leaching vat. 

The unloading bridge for excavating the tailing is of structural steel. 
It spans the loading bridge as well as the leaching vats. It is mounted 
on power-driven trucks and is provided with the necessary equipment 
for the operation of an 8-ton clamshell digging bucket. The bucket 
dumps the tailing into a 50-ton hopper built in one leg of the bridge. 
A 40-in. belt feeder discharges the tailing from the hopper into a concrete 
sluicing launder, on the lower side and parallel to the row of vats. The 
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tailing is sluiced from this launder into the main tailing launders, which 


deliver to the oxide-tailing dams. Sluicing is done with unsettled con- 
centrator tailing and water. Drag-line excavators are used for main- 
taining the dams. 

The oxide ore treated in the leaching plant is found mostly in mineral- 
ized and altered diorite porphyry, although some ore extends into the 
limy and shaly sediments into which the porphyry has been intruded. 
The important oxidized copper minerals are malachite, azurite and 
cuprite, named in the order of abundance. 

One leaching vat is charged, one charge is covered with solution, and 
one vat excavated for each day of 24 hr. Nine days are required to 
complete the leaching cycle, divided as follows: charging ore to vat, 1 day; 
leaching, 6 days; washing, 1 day; excavating, 1 day. 


STRONG SOLUTION SPENT ELECTROLYTE 
TO PURIFICATION FROM TANK HOUSE 


VAT Nab 


FIRST DAY 
LEACHING 


TAILING TO FINAL QRAIN TO 
ORE FROM CRUSHING PLANT. IMPOUNOING DAM — STRIPPING CIACUIT 


Fig. 7.—FLOW SHEET OF LEACHING PLANT. 


Normally about 15 hr. is required for charging 7500 tons of ore into 
the vat. The ore is not bedded. In charging a vat, it is the practice to 
fill along a side wall to the height to which the vat is to be charged. 
Thereafter, at the end of each round trip of the loading-bridge tripper, 
the loading bridge is moved forward 12 to 15 in. In this way the filled 
portion of the vat is carried at the final level. The ore column is approxi- 
mately 17 ft. high. 

The ore is leached for six days by the counter-current system. Down- 
ward percolation is used except when a new charge of ore is being covered. 
Upward percolation is used in covering. Six charges-are leaching simul- 
taneously with the solution on each charge circulating at approximately 
2.5 tons per 24 hr. per ton of ore, and also advancing from vat to vat at 
about 0.70 tons per ton of ore per 24 hours. 

The flow sheet and cycle of leaching plant operations (Fig. 7) for a 
given day indicate the leaching process in detail. On the first day of 


leaching, the new charge of ore is doivered by upward percolati 
advance solution from the preceding charge, which is low in acid ery ‘ 
in copper. In order to prevent neutralization and avoid the precipit 
of ferric salts in the charge, the required amount of 60° Bé. sulfuric acid LC 
is added as rapidly as possible to the advance solution during the cover- 9 
ing period. 

As soon as the ore is covered the advances are stopped and the ~ 
solution on the fresh charge circulated until the acid content of this — 
solution has been reduced to around 10 grams per liter. The withdrawal — 
of the enriched solution is then started from the bottom of the vat and 
continues until the predetermined volume is drained. This volume is 
calculated from the known copper content of the charge. This enriched 
solution which, after purification, is sent to the electrolytic plant, is — 
known as the “strong solution.” It contains approximately 41 grams 
per liter copper, 14 grams per liter H,SO., and 7.6 grams per liter iron. 
The advances from vat to vat are resumed about one hour after the with- 
drawal of strong solution is started. Ona given charge on the succeeding 
days there is a daily increase in acidity and decrease in copper content 
of the solution on the charge. On the sixth day the required volume of 
spent electrolyte solution from the tank house is added, containing 
approximately 11 grams per liter Cu, 76 grams per liter H,SOu, and 
1.75 grams per liter Fe. It is followed by the No. 1 wash water. On the 
seventh day the solution advance is stopped and the remaining three wash 
waters are put on successively, displacement washing being used. The 
last wash is followed by a definite volume of fresh water, usually amount- _ 
ing to about 36 per cent of the weight of the ore. The charge is allowed — 
to drain, and on the eighth day the tailings are excavated. This requires 
about 16 hours. 

A portion of the fourth wash off the charge and the final drain from 
the tailings are discarded from the leaching circuit each day. The 
discarded portion of the No. 4 wash goes to the slimes-leaching cementa- _ 
tion launders and the final drain to the stripping circuit in the purifi- 
cation plant. These discards are made for controlling solution volumes 
and not as a means of bleeding impurities. 

Appreciable amounts of iron and aluminum, and smaller amounts of 
arsenic, phosphorous, chlorine, etc., are disoleed in the leaching opera- 
tion. About 82 per cent of the i ron dissolved is in the ferric state. For 
the year 1931 the average iron and aluminum solubilities were: 


Pounps 


Iron dissolved per pound copper extracted.................... 0.202 
Ferric iron dissolved per pound copper extracted.............. 0.165 
Aluminum dissolved per pound copper extracted.............. 0.066 


The impurity content of the solutions is controlled by purifying all 
strong solution from the, leaching plant. In the purification plant, 
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ground limerock is used for precipitating iron, aluminum, phosphorous 


and arsenic. The chlorine is removed from the purified strong solution 
by cement copper. 


The acid consumption varies with the nature and grade of the ore. 
Average acid figures for the year 1931 were: new 60° Bé. acid used per 


_ ton ore, 64.48 lb.; 100 per cent H.SO, neutralized per ton ore, 62.30 lb. 


Leaching plant data for the year 1931 are given in Table 3. 


TABLE 3.—Leaching Plant Data for the Year 1931 
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To Leaching From Leaching 
eae ee 
pen ion 
Ore | lee | rating | Stone, 
Moisture iper cent fs,f.c00 ees ss che 6.27 : 12.49 
Screen analysis: ie: 
Per cent on 4mesh..,................ 51.60 
Per cent on —20 mesh................ 19.92 
Per cent on —200 mesh............-... 6.01 
Totaleoppereper Cents sac). este vis ot aes 1.370 0.145 89.696 
Acid-soluble copper, per cent............ 0.102 
Water-soluble copper, per cent........... 0.015 
Oxide copper, per cent.......-......+.5. 1.308 91.309 
Dultide*copper, per cent. .2..2.4...-.....- 0.062 0.028 a 
Copper dissolved per ton ore, lb.......... ‘| 24.573 


Grams per liter: 


SLIMES-LEACHING AND CEMENTATION DIVISION 


The slimes-leaching division (Fig. 8) treats the slimes produced in 
washing the oxide ore undersize in the oxide sand-washing plant. The 
slimes-leaching plant was constructed after experience had demonstrated 
the necessity of removing fines from the regular leaching circuit. Equip- 
ment installed for leaching and washing slimes is as follows: two Dorr 
traction thickeners, 150 ft. in diameter; three slurry mixers, 36 ft. in 
diameter and 20 ft. deep, and three leaching agitators, 24 ft. in diameter 
and 16 ft. deep. These, together with the necessary pumping and 
auxiliary equipment, deliver the leached slime to two rows (three each) 
of counter-current wash thickeners, 150 ft. in diameter, the two rows 
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operating in parallel. The wash thickeners are on a gentle slope, making 
possible a partial gravity flow from the upper to the lower tanks. 
Suitable pump houses equipped with pumps for handling overflows 
and spigot discharges are between the pairs of parallel tanks and are 
numbered 1, 2 and 3, proceeding downward. The wash thickeners are 
numbered in the same manner, No. 1 being the head of the washing cir- 
cuit, from which strong solution is advanced to the precipitation launders. 
Equipment ahead of the leaching agitators is not acidproof. The 
neutral thickeners and slurry tanks are of concrete construction. The 
moving truss of the thickeners, the agitator mechanism of the slurry 
tanks, the Wilfley sand pumps and pipe lines are all of iron and steel. 
Starting at the leaching agitators, all equipment is acidproof. The 
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Fic. 8.—SLIMES-LEACHING PLANT AND CEMENTATION LAUNDERS. 


agitator tanks are concrete, lined with brick laid in mastic mortar, and 
are equipped with wooden stirring mechanisms and rubber-covered east- 
iron rakes. The six 150-ft. thickeners in the washing circuit are of con- 
crete construction, lined with brick and mastic. The portions of the 
moving trusses that extend into the solution are made of wood. Rubber- 
covered steel rakes are used. All pumps, pipe lines and valves are of 
lead. Launders for pulp are made of wood and lined with brick bound 
with mastic mortar. 

The slimes pulp from the sand-washing plant, which contains approxi- 
mately 10 per cent solids, is delivered by launder to the two neutral 
thickeners. With tonnages handled to date only one of these thickeners 
has been required. The clear overflow is piped so. that it can be used 
for make-up in washing the leached slime, wasted, or delivered to the 
pumping station, which returns it to the general plant-water circuit. 
The spigot product from the thickeners, which contains approximately 
42 per cent solids, flows by gravity to a 4-in. Wilfley sand pump, which 
elevates it to a distributor box adjoining and above the slurry mixers. 
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From this box the pulp can be run into any one of the three slurry mixers 
that serve as storage tanks. 

The pulp feed to the leaching agitators is drawn off from the slurry 
storage tanks over weirs. Weir levels are maintained automatically 
by motor-controlled pinch clamps. This pulp flows to a 4-in. Wilfley 

sand pump and is pumped to the No. 1 leaching agitator. The leaching 
solution and the new acid are added to the feed as it enters the agitators. 
: The leaching solution is made up of high-acid discards from the leaching 
and electrolytic plants. The three agitators operate in series, and the 
» pulp is advanced by air-lifts and launders, which form part of the agi- 
tating mechanism. 
a The procedure from this point on is merely a counter-current washing 
r operation (Fig. 9). The six 150-ft. thickeners used for washing are 
arranged in two rows of three tanks each. Each row operates in series 
and the two rows in parallel. The No. 3 leaching agitator outflow enters 
the No. 1 repulpers along with the overflow from the No. 2 thickeners. 
The product from these repulpers is laundered, split and forms the feed 
tothe two No.1 thickeners. The No. 1 thickener overflows are laundered 
to the cementation plant. The spigot underflows from the No. 1 thick- 
eners are elevated by 4-in. triplex Dorrco pumps, in No. 1 pump house, 
and flow into the No. 2 repulpers together with the overflow from No. 3 
thickeners. These repulpers furnish the feed for the No. 2 thickeners. 
The overflows from the No. 2 thickeners are advanced into a tank in 
No. 1 pump house, which feeds a 6-in. centrifugal lead pump of Anaconda 
design, and delivered to the No. 1 repulpers. The No. 2 thickener spigot 
outflows are elevated by 4-in. triplex Dorrco pumps, in No. 2 pump 
house, and discharged into the No. 3 repulpers with stripped solution 
from the cementation launders and make-up water. The make-up 
water comes from various sources and it is advantageous to use the 
warmest water available. The product from this repulper forms the 
feed to the No. 3 thickeners. The overflow from these thickeners goes 
to a 6-in. centrifugal lead pump, in No. 2 pump house, and is delivered 
to the No. 2 repulpers. The No. 3 thickener spigot discharges are 
elevated by 4-in. Dorreo pumps, in No. 3 pump house, sampled and run 
to waste. 

The slimes-leaching plant was started up in midwinter and trouble 
was encountered immediately with poor settling rates in the wash thick- 
eners. This was found to be due largely to the low temperature of the 
pulp. Steps were taken immediately to remedy this condition. Warm 
water from the smelter power-house condensers was piped to the washing 
plant, and warm water from the acid plant to the No. 3 repulpers for 
make-up water. In addition to raising the temperature of the pulp 
circuit, the speed of the moving trusses in the wash thickeners was 
reduced from one revolution in 18 min. to one revolution in 27 min. 
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Fig. 9.—FLOw SHEET OF SLIMES-LEACHING PLANT. 
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The overflow from the No. 1 wash thickeners flows through a lead- 
lined launder to the cementation division. This plant consists of three 
parallel concrete launders which are lined with brick laid in mastic. 
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They are arranged for a series flow of solution. The upper launder is 
_ 3ft.3 in. above the middle one, which in turn is the same elevation above 


the lower launder. There is a 3-ft. space between the launders. Each 
launder is 395 ft. 6 in. long and is divided into six scrap-iron compart- 
ments, the inside dimensions of each being: length, 64 ft.; width, 10 ft. 
and depth, 6 ft. Along the top and upper side of each cementation 
terrace there is a small launder for advancing the solution from compart- 
ment to compartment, or for bypassing solution when a compartment is 
being cleaned. The scrap iron rests on false bottoms of 6 by 8-in. timbers 
spaced 3 in. apart. Underneath the false bottom there are outlets for 
draining and washing when a compartment is cut out for cleaning. The 
permanent bottom has a slope of 214 in. to 1 ft. toward the 
discharge openings. 

Two steam-operated locomotive cranes with 40-ft. booms—equipped 
with d.c. motor-generator sets for operating lifting magnets—are pro- 


_vided for handling scrap iron and cement copper. Most of the cement 


copper is hand-shoveled into dump buckets and loaded into railroad 
cars with the cranes. When the compartments are drained some cement 
copper escapes with the solution and is caught in settlers on the lower 
side of the launders. These are excavated periodically with a 
clamshell bucket. | 

In passing through the launders, approximately 97 per cent of the 


copper is precipitated from the solution. All of the stripped solution | 


flows to the No. 4 pump house, which is just below the cementation 
plant, and most of it is returned to the No. 3 repulpers, in the washing 
plant, by 6-in. centrifugal lead pumps. Thus the cementation operation 
is virtually in a closed circuit with the slimes-washing tanks. 

Originally the cement copper was mixed with concentrate and smelted 
in the reverberatory furnace. This practice was abandoned because it 
resulted in slags of a high copper content. The cement copper is now 
shipped to the sulfide roaster plant and calcined. The calcined product 
is leached in agitating tanks with spent electrolyte from the tank house. 
The enriched solution is added to the purified strong solution as it enters 
the dechloridizing plant. 

Metallurgical data pertaining to the leaching, washing and cementa- 
tion operations are given in Table 4. 


PURIFICATION PLANT 


The purification plant is on the intermediate level between the leach- 
ing vats and electrolytic plant. Its function is the preparation of 
enriched solution from the leaching process for electrolytic deposition of 
copper through the removal of ferric iron and other deleterious impurities 
dissolved from the ore. 

The purification process consists of the treatment of the so-called 
strong solution from the vats with finely ground limerock, together with 
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LEACHING 


Feed to agitators: 
PY GOMES 63 ers eys'e 1 Dajeneb ital Oremus ae go Ae ties ales tn 55,602 
—200-mesh, per Cent... ta ccs ee nae cers oe Gre IEE cle one 75.0 
Pulp, percent solidsia.< 11246 se niaenys sie oleh et 40.91 | 
a Total COpper; DEY CONG... nace. oe ook + a clanuine aisle we ee % 2.38 
Sulfide.copper,, percent: ..2/5-443 ma ayaa ereaeil «= 0.13 
Pulp ‘temperature, deg: Coo on, sere ser ae e-em 14.1 
Solution to agitators 
; VOlUnrG. CONSE aoa. caleue scobtinrecrrereieiela seems erinece toe 50,765 
Grams per liter copperiresesaied « desis » ete oe ees 9.68 
Grams per liter Ha8Oa.. oc. ct ee wee se sacese 42.58 
Temperature deg. C.2). Jair. a: «eles penta eeeies- © 18.9 
New 60° Bé. acid to agitators, toms...........-e.+e2ee00% 2,092.5 
Pulp from agitators, temp., deg. C.............00ee000% inst 
WASHING 
No. 1 thickeners 
eed, per.cent,solids 34:8 y.<1. fees oe ccloens- et eee Te 5. 6 
Feed; temperature, degs Cora. co a ceis-c oo dee eee 16.5 5. 13. 
Overflow, grams per liter copper...............+--- 3.75 2.87 2. 
Overflow, grams per liter H2SO4..................- 2.76 2.45 2: 
Spigot, per cent solids................... Cea ee 32.42 40.77 42. 
No. 2 thickeners 
Feed, per cent solids)....02 .. 225 Ronn Bet. a sella ee ee 5.99 6. 
Feed, temperature, deg. Gaceccn ec aciae ced oeeenieen 16227. 14.8 13 
Overflow, grams per liter copper................--- 1.62 0.53 0. 
Overflow, H2SO., grams per liter ................ .. 1.60 Posh 5 
Spigot;)per:cent isolida-< (22st hia). a. See. Sees 28.07 38.39 36. 
No. 3 thickeners 
Feed jipercent:solids:..., (Madgeauewis. ees ee rieee | 5.99 6. 
Feed, temperature deg. C....... . 0 GO 15.8 14. 
Overflow, grams per liter copper. 0.65 0.15 0. 
Overflow, grams per liter H2SOs... 0.94 1.31 Le 
Spigot (tailing), per cent solids........... 25.25 34.21 33. 
Tailing 
Total eopper,/ per eent. th)...5~4i.5 0 Poets Bence eoetee. 0.367 0.189 0. 
Acid-soluble copper, per cent................220005 0.155 0.094 0. 
Water-soluble copper, per cent.................-5: 0.150 0.046 0. 
Sulfide copper; per Cent... icc. sees sweccecsasonce 0.062 0.049 0. q 
RECOVERY 4 
Feed and tailing h 
Total copper, Der CONG. o....2% os ssc a mec eee els oe 86.27 92.36 
Leach: copper, ‘percent aie eee hicks oobi tee a ees 87.97 94.05 
Over-all, based on total copper in slimes and solutions 
to plant minus copper in tailing, per cent......... 90.32 95.68 
ACID CONSUMPTION ‘ 
Acid per ton slime, Ib. 60° B6.........0..ceeseeeeeeess 174.9 199.4 ; 
CEMENTATION DATA i 
Solution inflow ; 
PV alam, TONS sons ay ensm stausiens «yas ec, bleie) al ae me e 507,230 673,948 . 641,184 
Grams periiter Copper iT: Alar ed. cdealne «keke 3.81 2.82 2.48 
Grams per liter ESO... oN. eo cave eee eee 4.22 2.45 2.74 \ 
Grams per‘literiron R072 o. Ee ae ta ae 3.85 7.81 8.93 4 
Temperature deg. Comiwss.c «crn ok ce cee 15.4 14.5 13.1 { 
Outflow ‘ 
Grams per litericopper. 2... cms 6 sate sae cle ce catia 0.05 0.065 0.069 
Grams’ per liter HsSOW, 4.kists aan see cee s ceeietes 2.26 1.45 1,62 
Grams per iterironts. once cea ee ae een Sone 8.49 11.16 11.52 i 
Temperaturd, dogs Onn eree. «skin nk eee ee 16.9 15.7 14.3 
Cement, percent copper, nerd cc caa'e sane roe 72.74 71.52 
Copper precipitated, per: canting: caer weap eh eree 98.69 97.71 97.20 
Scrap-iron consumption, lb. per lb. copper produced... 1.353 1.408 1.375 : 


the basic copper carbonate precipitate produced from the ground lime- 
rock stripping of wash waters from the leaching plant and the purification 
plant, an operation carried on in conjunction with purification. After 
the precipitation of impurities from heated strong solution, the solution 
is filtered through Moore filters and delivered to the dechloridizing plant 
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and the washed precipitate is discharged to waste. The process includes 


the following named operations: (1) limerock grinding, (2) stripping, 
(3) purification, (4) filtration. 

The equipment of this plant, except the heating tanks and Dorr 
thickeners, is contained in a structural steel building. It consists of a 
system of heating tanks, agitator tanks, Moore filter equipment, Dorr 
settling tanks, Oliver filters, ball mills for grinding limerock, compressors, 
vacuum pumps and equipment for handling and distribution of materials 
and products. 


Limerock Grinding 


Experience has demonstrated that the limerock used in the purifica- 
tion process should not contain over 20 per cent plus 200-mesh material. 
If it is coarser, the chemical reactions involved take place more slowly 
and there is a tendency for the larger particles to settle out of 
the precipitate. 

Three parallel sections are provided for grinding limerock, each con- 
taining a 177-ton storage bin, a limerock feeder, a Hardinge mill, 3 by 
8 ft., operating in closed circuit with a Hardinge superfine air classifier, 
and auxiliary equipment. 

The crushed limerock (— 3 in.) is transferred in Ingoldsby ore cars 
from the smelter flux bin to a track bin of 40 tons capacity, which is above 
the limerock grinding plant. From this bin it is delivered by an 18-in. 
belt conveyor to the three storage bins serving the Hardinge mills. 

Dry grinding is used and the limerock is fed continuously from the 
storage bin to the Hardinge mill. The finely ground limerock in the 
mill is exhausted by a fan, which delivers to the superfine air classifier. 
The classifier oversize is returned to the mill and the finished product is 
delivered by a screw conveyor system to storage bins in the stripping and 
purification divisions. The capacity of each grinding section is about 34 
tons per hour. The ball consumption averages 0.90 Ib. per ton of 
ground limerock. 


TaBLE 5.—Analyses of Limerock 


Screen Analysis Partial Analysis 
Coarse Limerock Ground Limerock 
Constituent Per Cent 
Mesh Cum. Per Cent Mesh Cum. Per Cent 
+0.525 in. 0.37 +100 3.13 CaO 51 ah 
+ 3mesh 43.08 +150 8.17 SiO. 7.0 
+ 48 mesh 91.10 +200 17.49 Fe 0.6 
— 48 mesh 8.90 — 200 82.51 Al:O3 0.8 
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Stripping 


wash solutions in a product from which the copper is extracted in the _ 
purification operation and made available for electrolytic deposition. — 

The filtered cake from stripping is an efficient precipitant for the impuri- 
ties in the strong solution; in fact, it is much more desirable than _ 


raw limerock. 

The solutions treated in the stripping operation consist of excess 
wash from the Moore filters and discard wash solution from the leaching 
plant. The solutions are heated to about 37° C. and treated in a series 
of agitators with an excess of ground limerock. The pulp from the 
agitators flows to Dorr thickeners. The overflow from the thickeners 
runs to waste. The spigot product is filtered and used as the precipitant 
in the purification operation. : 

The equipment used consists of the following: (1) a concrete tank, 58 ft. 
in diameter by 20 ft. deep, lined with brick and mastic, used for storage 
of leaching-plant discard wash water; (2) a concrete tank for storage of 
Moore-filter excess wash, having a capacity of 30 tons; (3) two 6-in. 
horizontal centrifugal lead pumps used for delivering solution to heating 
tank; (4) a lead-lined heating tank, 8 by 10 ft. by 12 ft. deep; (5) eight 
circular concrete stripping agitators, 10 ft. in diameter by 15 ft. deep; 
(6) three rectangular concrete stripping agitators, 10 by 10 ft. by 12 ft. 
deep; (7) two Dorr thickeners, 30 ft. in diameter, tanks and mechanism 
being of steel; (8) two 3-in. cast-iron Wilfley sand pumps for delivering 
Dorr spigot discharge to Oliver filters; (9) two Oliver filters, 8 ft. diameter 
by 12 ft. long, covered with No. 27 cotton cloth; (10) two 20-ton pulver- 
ized limerock storage bins equipped with poidometer feeders. 

The stripping operation is continuous. The composite of the solu- 
tions from the two storage tanks is pumped to the heating tank at the 
rate of 60 to 80 tons per hour. An average analysis of the solution 
stripped is as follows: Cu, 8.02 grams per liter; H.SO., 0.39; Fe, 0:46; 
Al, 0.74. From the heating tank this solution is laundered to the first 
stripping agitator. The 11 agitators are connected in series and are 
terraced for gravity flow of solution. Compressed air at 25-lb. pressure is 
used for agitation. Ground limerock is fed from the storage bins by 
poidometers into agitators 1, 3, 6, 7 and 8 in amounts required for com- 
plete precipitation of the copper. An average of 48 grams of limerock is 
added per liter of solution treated. The pulp from the last agitator is 
laundered to two Dorr thickeners operating in parallel, where the overflow 
is discarded, and the spigot discharge delivered by a 3-in. Wilfley sand 
pump to a distributing box above the Oliver filters. From this box most 
of the pulp goes to the Oliver filters but if there is more than is required 
for the purification operation it is returned to No. 3 stripping agitator. 
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This pulp filters readily. The filtered cake drops into a launder and is 


_ sluiced into the first purification agitator with strong solution. It con- 


sists largely of basic copper carbonate, calcium sulfate and excess lime-— 
rock, and is designated as the “Oliver cake.” An average partial analysis 
of this cake is as follows: 10.28 per cent Cu, 30.16 per cent CaO, 1.10 
per cent Fe, 24.84 per cent SOx. 


Purification 


In the purification operation the strong solution from the leaching 
plant is treated in mechanical agitators with Oliver cake and raw lime- 
rock. Most of the ferric iron and high percentages of the other impurities 
that are deleterious to the electrolytic deposition of copper are pre- 
cipitated. The basic copper carbonate in the Oliver cake is dissolved 
and thus this copper becomes available for electrolytic deposition. The 
pulp containing the precipitated impurities goes to the Moore filter plant. 

The purification circuit consists of a heating tank, agitating tanks 
and a surge tank for purified pulp. The heating tank is of wood and 
is lined with lead. It is 8 ft. 3 in. by 20 ft. by 8 ft. deep and contains 
20 lead steam coils having a total heating surface of 687 sq. ft. Steam 
at 18 to 20 lb. pressure is supplied by two 500-hp. Badenhausen boilers, 
which are in a building adjacent to the purification plant. There are 10 
concrete agitator tanks, connected in series and arranged for a gravity 
flow of solution. The two tanks at the head of the circuit are rectangular 
with a common dividing wall. Each is 22 ft. 6 in. long by 8 ft. 4 in. 
wide by 19 ft. 6 in. deep; each has a capacity of 110 tons and is provided 
with two mechanical agitators. The remaining eight tanks are circular 
and are arranged in two parallel rows of four each. Each one is 10 ft. 
in diameter and 15 ft. deep, has a capacity of 35 volumetric tons, and 
is equipped with a single chrome-iron agitator that has a peripheral 
speed of 1000 ft. per minute. 

Two steel bins equipped with poidometers are provided for feeding 
ground limerock; one at the head of the circuit and the other over the 
circular agitators. Five rectangular tanks, having a total capacity 
of approximately 200 tons of solution, were provided for aging the 
pulp before filtration but experience has demonstrated that this con- 
ditioning period does not improve the filtration rates, therefore it has 
been discontinued. 

The concrete surge tank for the purified pulp ahead of the filters 
is 29 ft. 2 in. by 9 ft. 6 in. by 18 ft. 4 in. deep. An 8-in. lead manifold, 
extending the entire length of the filter floor with connections to each 
loading tank, delivers the pulp from the surge tanks to the filters. 

The purification operation is continuous. The strong solution flows 
by gravity from the leaching-plant storage sumps through an 8-in. 


Most of the solution inom ihe pots tank pi gre a et box 4 


into the first purification agitator. The filtered cake from the stripping _ 


operation is added here. When the supply of Oliver cake is insufficient 
for purification requirements, raw ground limerock is also introduced - 
at this point. The reactions, which start immediately, result in the a 


solution of the basic copper carbonate from the Oliver cake and the 


precipitation of most of the ferric iron, arsenic, phosphorous, molyb- — 


denum and about 20 per cent of the aluminum. The pulp leaving the 
second agitator is usually in a more or less overpurified condition; that 
is, an excess of the precipitant has been added and some of the copper 
precipitated with the impurities. This condition is corrected by adding 
fresh strong solution to one or more of the circular agitators in sufficient 
quantity to redissolve the copper and consume the excess limerock. 
Provisions are made for drawing fresh strong solution from the heater 
tank to any one of the eight circular agitator tanks. Raw limerock 
is added at times to the lower end of the purification circuit to correct 
an underpurified condition, resulting from faulty control at the head 
end of the circuit. In general, it has been found that the addition of 
raw limerock to the lower agitators in sufficient amounts to precipi- 
tate iron to any extent tends to precipitate copper, and also slows up 
filtration rates. 

With a flow rate of 150 tons per hour the solution remains in the 
purification agitators approximately 3 hr. The pulp from the last 
agitator flows through a 10-in. lead pipe to the surge tank that feeds the 
Moore filters. 

A close control of the purification operation must be maintained at 
all times. For controlling the degree of purification, the iron content 
of the filtered purified solution is determined every half hour. The aim is 


TABLE 6.—Purification Data 


Solution Analysis, Grams per Liter 


Impurity Elimination, 


Unpurified Strong, || Filtered Purified Eer Gee? 
Solution Solution 
Cid. itt eginen.. Eee 41.55 42.09 
HeSO 4... nat aie oa eee 14.11 0.00 
TOs YEG a a teen ees 7.03 ny P50 82.12 
‘Herric: We... oe eee 6.32 0.94 87.98 
AO HE MEN Ae Tse Ce ee 4.99 4.13 21.85 
ASR DL PAO. & 1.40 0.11 92.32 
P20 5...:5. eh ee ee ee 1.52 0.20 87.14 
6] ey ET ee Marte. 0.29 0.46 
IMOcae Stra: Ie a et oe 0.033 0.003 9112 
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to hold the total iron content of the purified solution at from 0.10 to 0.20 
grams per liter above the known ferrous iron content of the raw strong 
solution. A colorimetric copper assay is run hourly on the washed pre- 
cipitate. If an overpurified condition exists it is shown by this deter- 
mination. This is important, as any copper leaving the purification 
circuit in a precipitated condition is lost in the Moore filter cake. Filtra- 
tion rates on the purified pulp are determined hourly on laboratory 
Buchner filters. These aid the operator in adjusting the solution flow 
rate, and in operation of the Moore filter. Limerock consumption, 
practically all in the form of Oliver cake, averages about 40 grams per 
liter of strong solution treated. Average purification data are shown 
in Table 6. 


Fia. 10— Moore FILTER SECTION, PURIFICATION PLANT. 


Filtration 


The solution that contains the precipitated impurities is filtered on 
Moore filters. The filtered strong solution is pumped to a storage tank 
at the dechloridizing plant; the excess wash solution is transferred to 
the stripping division and the filter cake runs to waste. 

The Moore filter division (Fig. 10) occupies the lower level of the 
purification building and covers a space 42 ft. 6 in. wide by 252 ft. long. 
A crane runway, with a span of 42 ft., extends the full length of this 
section. Three two-motor overhead traveling cranes, each equipped 
with four 10-ton hooks, transfer the filter baskets. 

There are five filter sections, each made up of three adjoining concrete 
tanks and two Moore filter baskets. One tank is for loading the pre- 


cipitate, the second for washing the cake and the third for final 
and blowoff. Three lead-lined concrete tanks between the filter secti 
are used for conditioning the filters. The 18 concrete tanks are built. 
in one block. The longitudinal axis of the tanks is at right angles to the e ’ 


crane run. The 15 tanks used for loading and washing are 28 ft. 9 in. ‘: 
long by 9 ft. 8 in. wide by 16 ft. maximum depth. Each of these tanks _ 


has three hoppers in the bottom which are provided with compressed-air — 
and drain connections. The three lead-lined conditioning tanks are of — 
the same dimensions except that they are 8 ft. deep and have flat bottoms. 

There are 11 Moore filter baskets, two per section and one spare. 
Each basket has 64 leaves spaced at 5-in. centers. Each leaf has an effec- 
tive filter area of 98 sq. ft., which is equivalent to 6272 sq. ft. per basket. 

The individual leaf consists of a U-frame, 8 ft. wide by 7 ft. 9 in. 
high, made of 1-in. chrome-iron pipe, and 90° chrome-iron elbows. The 
filter bag, made of No. 5 refinery cloth, is slipped over this frame, sewed 
around the edges and clamped at the top with chrome-iron straps. The 
leaves are suspended from the main filter frame by chrome-iron bolts. 
There is a 5-in. lead manifold on each side of the filter frame, to which the 
vertical legs of each leaf are connected by 114-in. rubber hose. 

The two manifolds on the filter frame are joined at both ends by lead 
headers. At one end of the filter, a 4-in. reinforced rubber vacuum hose, 
42 ft. long, is attached to the header. This length of hose permits 
moving the basket from tank to tank in the section without disconnecting. 
Each 4-in. vacuum hose is connected to a separate valve nest consisting 
of four rubber-diaphragm lead valves. One of these valves connects 
with a 12-in. lead vacuum line, which conveys the purified strong solution 
to a chrome-iron receiver 5 ft. in diameter by 8 ft. high; the second to 
an 8-in. lead vacuum line which delivers the wash solution to a chrome 
iron receiver 4 ft. in diameter by 8 ft. high; and the third and fourth 
to low-pressure air and water lines which are used for blowing off the 
cake. In order to obtain a higher filtration rate during the loading 
period, an 8-in. auxiliary vacuum line is provided at each loading tank to 
connect the 12-in. vacuum line to the lead header on the filter frame. 
The tops of the two receivers are connected by chrome-iron pipe to a 
bronze vapor condenser, 4 ft. in diameter by 8 ft. high; and thence 
through a moisture trap, 5 ft. in diameter by 9 ft. high, and pipe to the 
vacuum pumps. Barometric legs of 8-in. lead pipe transfer the solu- 
tions from the condensers to separate pump sumps below the Moore 
filters. The purified strong solution is pumped to a concrete storage 
tank, 50 ft. in diameter by 10 ft. deep, situated at the north end of the 
dechloridizing plant, by two 8-in. horizontal centrifugal lead pumps. 
The wash solution from the filters is pumped by 6-in. centrifugal lead 
pumps to a concrete tank, 10 by 10 ft. by 12 ft. deep, beside the surge 
tank that feeds the filters. A portion of this wash water is used again in 
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washing the Moore cake, and the excess overflows into a launder that 


_ delivers it to the 30-ton storage tank in the stripping division. 


_ Vacuum is supplied by three Worthington duplex direct-connected 
pumps, each 27 by 14 in. Five Ingersoll-Rand, 19 by 14-in. belt-driven 


duplex compressors are provided, which furnish 30-lb. air to the oxide 


division of the reduction plant. The air used by the Moore filters is 
reduced to 5 lb. pressure. 

The time allowed for the filter cycle is 80 min. With five sections 
operating, this means that one of the filters starts on the cycle every 
8 min. Each of the 10 baskets operates on a definite and rigid schedule. 
The cycle is divided as shown in Table 7. 


TaBLe 7.—Filter Cycle 
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The purified pulp flows through the lead manifold from the surge 
tank of the purification division to the loading tanks as needed. The 
pulp in the filter tanks is agitated continuously with air. As soon as the 
basket is placed in the loading tank, vacuum is applied to the leaves 
through the regular 4-in. hose and the 8-in. auxiliary connection, both 
of which are open to the 12-in. strong-solution vacuum line. The vacuum 
at the receivers averages 18 to 20 in. of mercury. During the loading 
period the vacuum on the filter manifolds varies from 3 in. at the start 
to 16 in. at the finish. At the end of the loading period the valve on the 
auxiliary vacuum line is closed and the basket transferred by the crane 
to the washing tank. This tank usually is supplied with filter wash 
solution, but fresh water can be added if necessary. With the vacuum 
still open to the strong-solution system, a 4-min. period of advance 
wash is taken in order to displace the high-copper solution remaining in 
the cake and filter leaves. The vacuum is then changed to the wash 
solution system, and wash water pulled through the cake for 17 min. 
The basket is then transferred to the blowoff tank, to which fresh 
water at 25° to 30° C. is added. The washing continues for 22 min. 
in this tank, then the vacuum valve is closed and the cake blown off. 
In this operation water at about 7 lb. pressure is applied internally to 
the leaves through the 4-in. vacuum hose for a short period. The water 


or a 


pressure. The blowoff requires from 2 to 4 min. The basket is then 
returned to the loading tank. ‘ 


The cake that accumulates in the blowoff tanks is discharged period- _ 
ically. It is sampled by an automatic sampler and runs to waste. — 


Approximately 58 per cent of the cake is CaSO,, having an average analy- 


sis as follows: total copper, 0.86 per cent; water-soluble copper, 0.43; _ 


iron, 7.77; aluminum, 1.30; SOz, 44.39; CaO, 23.44. 


The copper loss in the cake amounts to approximately 1.7 per cent a 


of the copper entering the purification plant. The character of the 
precipitate largely determines the washing efficiency. Slimy precipitate 
obtained from solutions of high iron content is very difficult to filter, wash 
and blow off. The washing period is held at the maximum at all times. 

The average rate of filtration is 5.31 liters of purified solution per 
square foot of filter area per cycle. The thickness of the cake is about 


3gin. Approximately 86.73 grams of cake is obtained per liter of purified — 


solution, or 1.02 lb. per sq. ft. of filter area per cycle. 

The filtration bags gradually become hard and the filtration rates 
diminish; also, the hardened bags break and tear easily as the cotton 
fabric becomes impregnated with insoluble iron compounds and calcium 
sulfate. The higher the temperature of the pulp to filtration, the faster 
this action takes place. As the filtration rate is best at high tempera- 
tures, it is necessary to compromise between hardened bags and slow 
filtering rates. The pulp is filtered at about 36°C. At this temperature 
the filtration rate is fair and the bags do not harden very rapidly. 

The filters are conditioned daily in a solution containing 50 grams of 
sulfuric acid per liter. This is a cheap and fairly effective scavenger for 
removing slime that adheres to the fabric but it will not remove the 
impregnated salts to any extent. 

Fig. 11 is a diagrammatic flow sheet covering both the stripping and 
purification sections of the purification plant. 


DECHLORIDIZING PLANT 


The purified strong solution from the purification plant contains 
approximately 0.46 grams of chlorine per liter. In order to avoid the 
deposition of cuprous chloride on the cathodes in the tank house, and the 
subsequent volatilization loss during furnace refining, it is necessary to 
reduce the chlorine content of the solution to about 0.20 grams per liter 
prior to electrolysis. This is done in the dechloridizing plant, where 
the chlorine is precipitated as cuprous chloride. The solution is agitated 
with an excess of cement copper and the resulting pulp allowed to settle. 
The clarified solution flows by way of storage tanks to the electrolytic 
plant. The settled residue, which consists of cuprous chloride and cement 
copper, is treated with a ferrous chloride solution, which dissolves the 


lubricates and loosens the cake. This is followed by air at about 5 Ib. 
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cuprous chloride. The copper in this solution is precipitated on scrap 
iron, washed and re-used for dechloridizing. 

The dechloridizing plant is about 125 ft. south of the purification 
plant, at an elevation that permits a gravity flow of solution to the tank 
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Fic. 11.—FLowW SHEET OF PURIFICATION PLANT. 


house. The equipment in this plant includes: (1) three brick-lined con- 
crete emulsifier tanks, 6 ft. 3 in. wide by 7 ft. long by 6 ft. 6 in. deep, each 
provided with a bronze mechanical agitator, one emulsifier being used for 
dechloridizing, the second for dissolving cuprous chloride and the third 
for washing cement copper; (2) two brick-lined concrete agitator tanks 
used for dechloridizing, 10-ft. dia. by 15 ft. deep, each equipped with 


ry ae 
ete tanks, 39 
long by 33 ft. wide by 5 ft. 4 in. deep, used for the settling of cu 
chloride; (4) four brick-lined concrete settling tanks, 37 ft. 8 in. long 
11 ft. 6 in. wide by 6 ft. deep, two being used for unwashed cement copper 
and two for washed cement copper; (5) two bronze cementation drums, — 
7-ft. dia. by 10 ft. long, lined with cast copper sectors, which are charged 
with scrap iron and revolve at a speed of 8 r.p.m.; (6) four 2-in. rubber- 
lined pumps for handling ferrous chloride solution; and (7) two brick and — 
mastic-lined concrete tanks, 50-ft. dia. by 10 ft. deep, used for the storage — 
of dechloridized strong solution. ? 

The emulsifiers, agitators and cementation drums are contained in a 
steel building 32 ft. wide by 42 ft. long. The row of 10 adjoining settling 
tanks on the lower side of the building is spanned by an overhead traveling 
crane equipped with a 10-cu. ft. bronze clamshell bucket for excavating 
cuprous chloride and cement copper. The pumps are housed in a small 
building below the settling tanks. The two storage tanks for the dechlo- 
ridized strong solution are just above the tank house and feed the 
electrolytic tanks. 

The purified strong solution flows by gravity through an 8-in. lead 
line from the concrete storage tank to a weir box in the dechloridizing 
plant (Fig. 12). The weir overflow, which averages approximately 
150 tons per hour, is split. About 5 per cent of it flows continuously to 
one of the emulsifiers to which washed cement copper is added periodically 
by the crane. The emulsifier outflow unites with the remainder of the 
weir discharge and flows into the first agitator tank. As the solution 
enters this agitator enough sulfuric acid is added to raise the acid content 
to 10 to 15 grams per liter. Most of the dechloridizing action takes 
place in the two agitators that operate in series. The overflow from the 
second agitator is laundered to the cuprous chloride settlers. The clari- 
fied overflow, which contains about 0.20 grams chlorine per liter, flows 
to the two dechloridized strong-solution storage tanks. 

Periodically each of the cuprous chloride settlers is cut out of the 
circuit and cleaned. The settled residue is transferred by the crane to 
the second emulsifier, and treated with ferrous chloride solution. 
The cuprous chloride is dissolved and the resulting solution flows into the 
cementation drums, where the copper is precipitated on scrapiron. The 
drums discharge into short launders that convey the pulp to the settling 
tanks for unwashed cement copper. The settler overflow contains a small 
amount of copper and about 50 grams of chlorine per liter. It is returned 


to the emulsifier by the rubber-lined pumps and used again for dissolving 
cuprous chloride. 


» 


. The settled cement copper from the drums is washed with water 
in the third emulsifier and settled in the two settling tanks for washed 
cement copper. The overflow from these settlers, with discard ferrous 
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ELECTROLYTIC PLANT 


The electrolytic plant was designed for a daily deposition of 
100 tons of copper from leaching-plant solutions, and approximately 7 tons 
of starting sheets from blister-copper anodes. It is enclosed in a steel 
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building, 192 by 302 ft., which has a basement and an operating floor. 
The walls are sheathed with corrugated iron and roofed with corrugated 
metal protected by asbestos. Ample window area gives inside lighting, 
and monitors provide ventilation. Foundations and tank-supporting 
piers are of reinforced concrete. beter. 

The electrolytic tank room is on the main floor. Lengthwise it is 
divided into three crane bays; each bay is 60 ft. 9 in. wide and is served 
by a 10-ton Shaw stiff-leg overhead direct-current crane. Running the 
width of the building at the two ends and center are the work floors where 
starting sheets, anodes and cathodes are handled. These floors are of 
heavy wood construction with mastic covering and are supported on 
concrete piers. 


Fic. 13.—CENTER CRANE BAY OF TANK HOUSE. 


The pumping equipment, air-lifts, receiving tanks and solution lines, 
as well as main electrical busbars, are in the basement. The basement 
floor is brick, laid in mastic. It slopes to launders in the center of the 
building which drain to two sumps from which solution and wash water 
are pumped, by means of two vertical lead pumps, to waste or back into 
the circuit. 

Adjoining the electrolytic plant is the substation, a steel building 40 
by 141 ft., in which are four motor-generator sets. Each set comprises 
a motor driving two generators on the same horizontal shaft. Each d.c. 
generator will deliver 3750 amp. at 425 volts. There are three electrical 
circuits in the tank house. One motor-generator set is provided for each 
of the three commercial circuits, and to either of two of these the starting- 
sheet division is connected in series. The fourth motor-generator set 
is a Spare machine that can be used for any circuit. At normal load these 
machines operate with an efficiency of approximately 92 per cent. 


ety 
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The busbars that enter the tank-house basement from the substation 
are suspended from insulated hangers. The center point of each electrical 
circuit is grounded through a low resistance in order to protect the work- 
men. Each of the three electrical circuits corresponds to a solution 
circuit for the commercial deposition of copper. The starting-sheet 
division, with a closed solution circuit, operates electrically in series 
with one of the commercial circuits. 


Commercial Division 


There are 576 electrolytic tanks in the commercial or insoluble-anode 
division, of reinforced concrete lined with 8-lb. 6 per cent antimonial 
lead. They rest on lead-capped concrete piers and have a porcelain 
insulating block under each corner. Inside dimensions are: length, 
10 ft. 3 in.; width, 2 ft. 10 in.; depth, 3 ft.9in. Side walls are 5 in. thick 
and the ends and bottoms 4 in. thick. Each tank contains 34 lead anodes, 
spaced at 314-in. centers, and 33 cathodes. The insoluble lead anodes 
were cast from International antimonial pig lead and have the following 
average composition: 


ORIGINAL ANODES 
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The anodes are 3914 in. long by 261% in. wide by 14 in. thick, and 
weigh approximately 200 lb. each. As originally cast, the portion of the 
supporting bar between the edge of the tank and the anode proper was 
; exposed. In time the spray caused by the evolution of gas at the anodes 
corroded the bars to such an extent that the bars failed, and some of the 
anodes dropped into the tanks. This difficulty has been overcome by 
revising the anode mold so that the lead is now cast around the sup- . 
porting bar to a point just far enough from the end to permit the insertion 
of the crane hooks. At present 60.7 per cent of the lead anodes have been 
recast in this manner and 63 per cent of the anodes have been equipped 
with porcelain insulators—three complete insulators per anode. These 
are effective in preventing short circuits and are well worth while. ‘The 
anodes have shown no tendency to warp. The breakage has been low 
except for that caused by the corrosion and failure of the supporting bars. 
Anode corrosion has amounted to 0.844 lb. per ton of copper deposited. 

The starting sheets are 28 by 3714 in. They are suspended by two 
loops, from 74g by 1114¢-in. rolled copper bars, which are flattened at 
one end to make good contact. The sheets extend to within 5} in. of 
the tank bottom. 

The three commercial circuits are equipped and operated in the 
same manner. Each circuit contains 192 electrolytic tanks. The tanks 


720 METALLURGICAL PLANT OF ANDES CO! (NING COM 


are first grouped into sections of 12 tanks each, and then into d 
composed of four or six parallel sections. The tanks in each secti 
arranged in cascades of six tanks, two cascades to a section. Para. lel 
tanks in a section are spaced 214 in. apart. There is a drop of 4 in. ; 
between tanks, or 20 in. in a cascade of six. Sections within the division . 
are separated by 28-in. walkways, which are approximately 24 in. below 
the tops of the tanks. Each commercial circuit consists of three divisions, 
the first two in a circuit containing six sections, and the last one only four _ 
sections. The electrolyte flows through the three divisions of the circuit. 
in series and through the cascades of each division in parallel. 

A receiving and a distributing tank are at the head of each division. 
The receiving tank is in the basement and all solution to the division 
flows into it. The distributing tank is on the main floor and feeds the 
head tank of each cascade in the division. 

The tanks of each commercial circuit are electrically connected in 
series, and the electrodes in each tank are in multiple. The heavy, cast 
copper busbars, which rest on insulating boards on top of the outer walls 
of the tanks, are connected to the main busbars in the basement by 
copper risers. A rolled copper plate resting on an insulating board sup- 
ported by the two inner tank walls forms the common contact between 
tanks. Flat contacts are used. 

The dechloridized purified solution, which forms the feed to the tank 
house, is mixed with acid and a portion of the spent electrolyte, to form 
the feed solution to the electrolytic tanks. This permits operating at a 
higher solution temperature and acidity, and results in a lower voltage. 
It also increases the circulation rate of the electrolyte and aids in the 
production of a smoother deposit of copper. The flow rate of the elec- 
trolyte is about 25 gal. per min. per tank in the first two divisions of a 
circuit, and 37 gal. per min. in the last division. The amount of acid 
, added to the electrolyte at the tank house is governed by requirements 
of the leaching plant. 

The dechloridized purified solution, which averages approximately 
42 grams per liter copper, and 15 grams per liter H.SOu, flows from the 
storage tanks at the dechloridizing plant through an 8-in. lead pipe to 
weir measuring boxes in the tank house. Three weir boxes are provided 
one for each of the head divisions of the three commercial cme 
Sulfuric acid is added to the purified solution at each weir box and the 
solution then flows into the receiving tank below, where it is mixed with 
approximately 65 per cent of its volume of spent electrolyte carrying 
about 11 grams per liter copper and 75 grams per liter H.SO, The 
resulting mixture, which contains 28 to 30 grams per liter copper, and 
45 to 55 grams per liter H2SO., forms the feed to the first division of 
the circuit. 

. The receiving tank feeds an air-lift that pumps the mixed electrolyte 
to the distributing tank from which the electrolyte flows through a lead 
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; _ manifold to the head tank of each cascade in the first division. . The 
manifold has composition risers to which are attached gum-rubber 
_ hoses and pinch clamps for the regulation of the flow to each cascade. 


The electrolyte flows through the six tanks of each cascade into a rubber- 
lined wooden launder and from there through a 6-in. lead line to the 
receiving tank of the second division of the circuit. The electrolyte 
is advanced through the last two divisions of the circuit in the same 
manner. Spent electrolyte from the last division goes to a splitting 
tank, where it is divided, and approximately 40 per cent is returned to 
the electrolyte circuit and 60 per cent pumped to the leaching plant by 
two 8-in. horizontal centrifugal lead pumps. 

The normal period of deposition is eight days. Cathodes weigh 
approximately 100 lb. each. In pulling the copper, a unit of four elec- 
trolytic tanks is cut out at a time by means of short jumper bars, after 
which the cathodes are lifted out by the crane, one tank ata time. They 
are washed in a spray tank and unloaded on to a cathode loading machine, 
which in turn places them on the cars of the industrial railroad. Each 
car is weighed and the cathodes again washed before delivery to the 
casting plant. On its return the crane picks up a load of sheets and places 
them in the tank from which the cathodes were removed. A partial 
chemical analysis of the cathodes follows: copper, 99.927 per cent; 
arsenic, 0.0006; antimony, 0.0003; chlorine, 0.0087. 

Originally all cathode inspection was done by hand, but by this 
method many short circuits escaped the attention of the inspectors. 
A cathode might be touching the anode slightly but this could not be 
detected by the inspector. To correct this a system of crane inspection 
was adopted, which means the lifting of all the cathodes with the 
crane, half of the cathodes from a tank at a time, straightening the 
sheets, removing the sprouts and cleaning the contacts. All hand inspec- 
tion, except when placing sheets, has been discontinued. The schedule 
entails five complete crane revisions during an eight-day period. The 
first crane inspection is made 16 hr. after the sheets are placed. Better 
straightening can be obtained at that time than on the original sheet 
because it is much stiffer. The second inspection is made 214 days after 
the sheets are placed, the third is made on the fourth day, the fourth 
is made on the fifth day of cathode life, and the fifth 16 hr. prior to pulling 
the cathodes. 

In order to reduce the amount of fine mist thrown off by the gas 
liberated at the anodes, the electrolyte in all commercial tanks is kept 
covered with a film of oil. A cheap grade of red engine oil is used and the 
consumption amounts to 0.42 gal. per ton of copper deposited. 

A small laboratory is maintained at the tank house. Hourly samples 
of feed solution and spent electrolyte are run for copper, and necessary 
adjustments to flow rates made accordingly. Section, division and 
over-all voltages are recorded hourly, as well as the total ampere load. 
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' Copper, grams per liter............... 42.59 29.2: 
H.SO,, grams per liter............... 14.38 47.8 
Total iron, grams per liter............ 1.73 
Ferric iron, grams per liter............ trace 
Chlorine, grams per liter.............. 0.20 
Temperature, DegaG.. aster aes 27.9 32.5 
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Starting-sheet Division 


The starting-sheet division consists of 414 sections, or 54 electrolytic 
tanks, situated at the south end of the center crane bay. Except for 
small variations these tanks are constructed and arranged in the same 
way as the commercial tanks. Each tank holds 25 soluble anodes spaced 
at 4.8-in. centers and 24 starting sheet blanks. The anodes are unrefined 
blister copper from the smelter. The blanks are 1-in. rolled copper 
sheets with over-all dimensions of 2834 by 435< in., to which the support- 
ing bars of copper are riveted with joints soldered. Milled grooves 
near the edge of the blank, on each side and bottom, produce a 28 by 
3714-in. starting sheet. 

In stripping, one-half of the blanks in a tank are removed at a time 
by the crane and transferred to a stripping rack. Tanks are not cut 
out during the operation, density being doubled on the blanks remaining 
in process. The upper corner of the sheet is loosened by a chisel-like 
steel tool bent in the form of a hook. Wedge-shaped, short wooden 
implements are used to complete the removal. With two stripping 
racks in service, the blanks from all 54 tanks are stripped during one 
8-hr. shift. A light engine oil with good filming properties, applied with 
felt rollers, is most satisfactory for oiling the blanks. The deposit is 


dense and firm, and stuck sheets occur rarely. Good sheets produced 
average about 99.5 per cent. Approximately 11 per cent of the sheets — 
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are cut into strips, which are annealed in a small oil-fired furnace, looped 


and clipped to the starting sheets with a Morrow clip machine. When the 


electrolyte in the commercial circuits contains 2 grams per liter, or more, 
of ferric iron, it is necessary to paint the lower part of the loops with an 
acid-resisting paint. wedith: . 

Under normal conditions a current density of about 18.0 amp. per 
sq. ft. is maintained. This allows the stripping of 24-hr. sheets weighing 
approximately 8 lb. each. Of this weight about 3 per cent is trimmings, 
which are shipped to the casting plant. At this density the voltage 
drop per tank is about 0.33 volt. Ampere efficiency varies from 85 to 
90 per cent and power yield from 160 to 170 lb. per kw-day d.c. at 
the generator. 

An average analysis of the starting sheets shows: copper, 99.935 per 
cent; iron, 0.0011; chlorine, 0.0007; arsenic, 0.0016; antimony, 0.0006; 
silver, 0.15 oz. per ton; gold, trace. 

The anodes are cast with heavy supporting lugs and weigh from 550 
to 600 lb. each. They are the same width as the blanks and extend to 
the same depth in the tanks. They are rough, porous and vary con- 
siderably in thickness. Anode scrap returned to the smelter amounts 
to approximately 20 per cent of the original weight. There is no fixed 
anode-loading schedule. They are inspected and changed from day to 
day as required. A typical partial analysis of the anodes is as follows: 
copper, 99.30 per cent; sulfur, 0.49; iron, 0.048; arsenic, 0.041; antimony, 
0.002; silver, 3 oz. per ton; gold, 0.27 oz. per ton. 

Slimes are cleaned from the tanks at intervals of about two months 
and at such times the division is shut down for two days. During the 
first 24 hr. the tanks are cleaned and the electrodes rearranged. On the 
second day loss of temperature and shrinkage of the electrolyte are 
made up. Slimes removed from the tanks are settled, partly dried and 
shipped to the smelter. Approximately 0.027 ton slimes is produced 
per ton of starting sheets stripped. 

The starting-sheet solution circuit is closed. Means are provided 
for the discard of impure electrolyte to the commercial circuit. Make-up 
consists of dechloridized purified solution, water and acid. The elec- 
trolyte is heated by lead steam coils in a 6 by 6 ft. head tank. From this 
tank it flows through an 8-in. manifold connected with hard-rubber 
risers to the upper tanks of the nine cascades comprising the division. 
Passing through the six tanks of each cascade it is discharged through 
composition fiber pipes to a rubber-lined wooden launder from which it 
flows by gravity to a 9 by 9-ft. receiving tank in the basement. A 2-in. 
rubber-lined pump returns it to the head tank. Inflow is at the surface 
of the electrolytic tanks. The outflows are baffled by lead plates, which 
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cause the solution to be drawn off to the nex tan] 
the bottom of the tank. The temperature of t! 
heating tank is approximately 59°C. In passing through 
tanks a temperature drop of from 10° to 12° C. takes place. Foy 
is maintained at 10 U.S. gal. per minute per cascade of six tanks. 
The only addition reagent used is glue, which is introduced ov 
24-hr. period at the rate of 0.05 Ib. per tank-day. The glue in solic for 
is placed in the outflows of the cascades in perforated lead cups and 
dissolved slowly by the electrolyte. ; - 
The average composition of the electrolyte is as follows: copper, 
40.90 grams per liter; H.SO., 150.70; iron, 1.19; chlorine, 0.03; HNOs, 
0.06; arsenic, 4.09; antimony, 0.14. tH 
Ea 
The plant for fire-refining and casting electrolytic copper into market- Ss 
able shapes is on the same level and approximately 350 ft. north of the & 
electrolytic plant. A 30-in. gage industrial railway serves the two — 
divisions. Haulage equipment includes 38 cathode cars, 3 anode cars 
and two 5-ton electric locomotives. The space between the two plants _ 
has ample trackage facilities and affords a suitable location for the — 
storage of cathodes. o 
The furnace refinery is housed in a steel building 135 ft. wide by — 
187 ft. long. Hquipment consists of one reverberatory refining furnace, 
a waste-heat boiler, a cathode-charging crane, a casting wheel, a bosh 
conveyor, an inspection conveyor, a mold press and accessories. On 
the charging side of the furnace there is an aisle 39 ft. wide which is 
‘ spanned by a cathode-charging crane of the suspended type, of 314-ton 
capacity. The casting and inspection aisle, which is on the tapping side 
of the furnace, is 70 ft. wide and is spanned by a 5-ton crane that serves ‘ 
the casting wheel, mold press and inspection conveyor. : 
The refining furnace, which has a hearth dimension of 12 by 29 ft., 
is constructed of silica and magnesite brick. It is held together in the 
usual manner by heavy buckstays and tie-rods. Cast-iron plates just 
inside the buckstays extend all around the furnace and form a backing — 
for the furnace bottom and walls to above the metal line. The inverted 
silica-brick arch that forms the furnace bottom rests on a reinforced 
concrete foundation, the top portion of which is air-cooled. The 
bottom is 32 in. thick, and is made up of two courses of silica brick, 
20 in. and 12 in., respectively. The furnace walls are 24 in. thick and are 
built of silica and magnesite brick. Below the metal line, the magnesite- 
brick lining is 18 in. thick and above it is only 9 in. thick. The furnace 
roof is made of 15-in. silica brick. 
The furnace is fired with fuel oil, one No. 2N Best burner being used. 
The oil is heated to 140° F. and maintained at 100 Ib. pressure; 90-lb. 
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air is used for oil atomization. A No. 416 Sirocco blower furnishes 
- secondary air for combustion as well as air for cooling the furnace bottom. 
The gases from the furnace ordinarily pass through a 400-hp. Stirling 
_ waste-heat boiler of 400 lb. working pressure, to the stack; but a bypass 
flue to the stack is provided. The firebrick-lined steel stack is 5 ft. 
inside diameter and 170 ft. high. 

The copper is tapped from the furnace into pouring ladles that serve 
a 40-ft. diameter Clark casting wheel. This wheel, which is equipped 
with 30 wire-bar molds, discharges on to the bosh conveyor, which 
elevates and delivers the bars to a 50-ft. inspection conveyor. A pneu- 
matic hoist at the end of the inspection conveyor loads the good bars on 
to 3-ton Baker trucks. This copper is then weighed on two platform 
seales (that is, double weighed) and stacked on the copper dock ready for 
shipment. The reject bars are removed from the inspection conveyor by 
the crane, loaded on to cathode cars and returned to the refining furnace. 

The mold press, which is electrically driven, is on the same level 
as the casting wheel. Ample floor space is left next to the mold press 
for dressing and storing molds. 

Instruments are provided for recording temperatures, pressures 
and drafts. 

A typical furnace charge is composed as shown in Table 9. The 
charge is melted, skimmed, rabbled with air, poled and cast in the 
usual manner. The average time for the different operations is given 


TaBLE 9.—Furnace Charge and Operating Schedule 


Furnace 
Charge, Operating Time Hr. Min. 
Tons 
(CHEN TUYEKE Tee, opti iaaiaiegt Merete — WGo7l> |Charcing. =k. ee 1 28 
Starting-sheet scrap............ Zeta ieMielting eS eee 12 39 
Mejechbarse SRE. Vast 8. 230 Skimming a). 2S 32 
Skulls and cleanings........... 3 oie Blowitige isis ts 3 58 
PSCardunOld Seek i sts 6) esses Omer cling shee, Sate oeie 2 0 
=-——», | Casting........4....0%. 3 45 
TES ih Oot eee ey ee et 182.6 


in Table 9. During the casting period the temperature of the copper 
is maintained at about 2025° F. For this control an alumel-chromel 
thermocouple, enclosed in a chrome-iron protection tube, is placed in the 
pouring ladle. The temperature of the molds is held at about 215° F. 
at the pouring point. This temperature is determined by base-metal 
pyods inserted in holes in the bridges of several molds. 

The mold wash consists of three parts by volume of bone ash and 
two parts by volume of calcined bone black. One part of this mixture 


with Murphy spray guns. 

All of the electrolytic copper ‘phodatiea here has been cast into wir¢ fA 
bars. Each bar is rigidly inspected for defects. The percentage of — 
good bars has averaged approximately 93. The average chemical 
analysis of wire bars for a three-year period shows: copper, 99.9610 | per 
cent; sulfur, 0.0017; arsenic, 0.0005; antimony, 0.0002; iron, 0. 0013; - 
nickel, 0.0001; oxygen, 0.0351; silver, 0.019 oz. per ton; gold, trace. +i 
Conductivity has been: hard-drawn, 98.44; annealed, 101.25. 

The slag from the refining furnace has averaged 0.033 tons per ton 
of good bars and contained 37.78 per cent copper. It is shipped to the 
converter plant for treatment. 

Operating supplies for furnace and casting operations have averaged 
as follows per ton good bars: fuel oil, 24.50 gal.; coke, 5.43 lb.; charcoal, 
9.15 lb.; poles, 106.67 lb.; pipe, 0.58 ft.; bone ash, 0.416 lb.; bone black, 
0.235 lb. 
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With the oxide division of the reduction plant operating at full 
capacity, the sulfuric acid required for leaching purposes amounts to 
somewhat over 300 tons of 60° Bé. acid per day. The plant for produc- 
tion of this acid is capable of generating at least 375 tons of 60° Bé. 
acid per day with all three of the sections in operation. It is situated 
just above and to the east of the converter building, at practically the 
same level as the sulfide roaster plant and the charge floors of the rever- 
beratory furnaces. It consists of seven calcining units, Cottrell treaters, 
three acid-generating units and a mixed acid plant. 

The available sulfur-bearing material is flotation concentrate. This 
is calcined in Wedge roasters. The furnace gases pass through flues to 
Cottrell treaters where the dust is precipitated. ‘The gases from the 
treaters are conveyed through flues to the Glover towers. Each of the 
three acid-generation units can produce 125 tons of 60° Bé. acid per day. 
In these units, packed towers have been substituted for the customary 
open lead chambers. 

A comprehensive description of the Andes sulfuric acid plant was 
published in the February, 1932, issue of Chemical & M. etallurgical 


Engineering. In the following description, operating data and details 
are omitted. 


Roaster Division. 


The acid roaster plant consists of seven calcining units contained 
in a steel building. Each unit includes a track bin for receiving concen- 
trate, a charge hopper above the roaster, a seven-hearth Wedge roaster 
22 ft. in diameter, a calcine hopper under the furnace, and accessories. 
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Five of the roasters are equipped with auxiliary Cottrell treaters similar 
to those in the sulfide roaster plant. They are used only when the furnace 


‘gases are being discharged to the air. 


The dry concentrate (—1 per cent moisture) is aniatetret) from 
the drying furnaces in the sulfide roaster plant to the track bins at the 
acid roasters in covered calcine cars. Each track bin has a 6-in. screw 
feeder that delivers the concentrate to the boot of a bucket elevator, 
which in turn discharges into the hopper above the roaster. These 
hoppers have belt feeders, which advance the concentrate to star feeders 
discharging upon the top roaster hearth. The calcine from the seventh, 
or bottom, hearth drops into the calcine hopper and is transferred to the 
reverberatory plant in cars. 

The gases from each furnace pass through a downtake into a balloon- 
shaped flue parallel to the roaster building. From the balloon flue the 
gases enter the Cottrell dust precipitators. Three plate and wire-type 
treaters are provided but usually only two are operated at the same time. 
To withstand the high temperature they are equipped with chrome- 
steel electrodes and electrode holders. The exit gases from the Cottrells 
are conveyed to the Glover towers through brick-lined steel flues. In 
order to conserve the heat in the furnace gases, the steel shells of the 
flues and treaters are not only brick lined but have either Silocel brick 
behind the regular brick lining or insulating material outside the shells. 
The dust that accumulates in the balloon flue and treaters is drawn off 
into cars and shipped to the reverberatory plant. 


Acid Generation 


The three acid-generation units operate in parallel and are inde- 
pendent of each other. Each unit consists of one Glover tower, five 
reaction towers, three Gay-Lussac towers, fans, coolers, pumps and 
auxiliary equipment. 

The Glover towers function in the customary manner; that is, they 
denitrate the nitrous vitriol and mixed acid and concentrate the weak 
acid advanced from the reaction towers. The Glover towers are of the 
usual construction. The brick walls are sheathed with 10-lb. sheet lead 
supported on steel frames. The towers are of rectangular section and 
are 16 by 30 ft. by 50 ft. high inside the lead curtains. The height of the 
brick packing is 38 ft. The gas delivered to the Glover towers contains 
approximately 7 per cent sulfur dioxide and has a temperature of 400° 
to 500° C. It enters each tower through two brick-lined flues and 
leaves the top through three 30-in. dia. lead flues, which convey it into 
the top of the first reaction tower of the unit. Each Glover is provided 
with three acid coolers that operate in parallel. 

The five reaction towers in each generation unit take the place of 
the customary lead chambers. The reactions in the packed towers 
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are the same as those in the open chambers. 
more intensive. These towers are of rectangu ion and. 
36 ft. by 53 ft. high. They have no brick walls. The lead we 
curtains, are supported on steel frames. The height of the brick p: 
is 41 ft. The flow of gas is alternately down and up. Conn 
between towers are in each case three 30-in. lead flues. Three coc 
connected in series, cool the acid from the five reaction towers. 

The Gay-Lussac towers are operated in the usual manner except tha t 
a circulating load of acid is maintained over them in addition to the | 
regular quantity advanced to the Glover tower as nitrous vitriol. These a 
towers are the same size and construction as the reaction towers. The 
flow of gas is upward in all Gay-Lussac towers. Three 30-in. lead pipes ‘ 
connect adjacent towers. The gas from the last tower in each unit before _ 
escaping to atmosphere passes through Cottrell treaters for the removal — 
of acid mist. as} 

Lewis vertical acid pumps are used for transferring acid. For cir- 
culation, the acid is pumped to distributing tanks suitably located on 
top of the units. The acid flows from these tanks to distributors over 
each tower, which in turn feed splash heads. The acid make, consisting — 
of a mixture of Glover (60° Bé.) and weak (50° Bé.) acids, is pumped to — 
the acid-storage tanks above the leaching vats. 

Four hard-lead fans are provided in each unit for moving the gas 
through the plant. 


Mizxed-acid Plant 


The niter loss suffered in the generation units is made up by intro- 
ducing mixed nitric-sulfuric acid into the Glover towers. The mixed 
acid is prepared by decomposing sodium nitrate with sulfuric acid in 
retorts, which are heated by fuel-oil fires, and condensing the nitric acid ; 
vapor in cold 60° Bé. sulfuric acid. 

The mixed-acid plant contains four cast-iron nitrie acid retorts, each 
capable of handling 2000 lb. of sodium nitrate per charge, and.two 
absorption towers over which cold 60° Bé. sulfuric acid is circulated. 
Auxiliary equipment consists of storage tanks, coolers and pumps. 


~~ 
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